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OF 

ALBERT EMMETT KENT 



PREFATORY NOTE 

This volume is a record of research carried on in the Kent 
Chemical Laboratory of Yale University from the opening of 
the laboratory in 1888 to the present time. It is made up, for 
the most part, of articles which have appeared from time to 
time in the American Journal of Scien^ce, of a few papers issued 
originally in the American Chemical Journal, and of a few 
studies as yet unpublished elsewhere. 

The previously published subject-matter is reproduced in 
essentially its original form, with, however, occasional slight 
verbal changes and corrections, and a few abridgments. The 
arrangement of the material, and of the Table of Contents, 
generally follows the order of production. A classification by 
topics is presented in the Systematic Index which precedes the 
Index of Authors and the Index of Subjects. 
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-^TinD FOB THE DETERMINATION OF 
^ ^^ IODINE m HAIX>II> SALTS. 



GOOCB 




not gei»»"J ^idinff to •wniC" loctuie is libeiated by nitrous 

of ^^'^'^'^lIlf^^^Ti efisTilpIiid.© stud titrated by sodium 

acidi couecwO- reaiy acceptanc© for the determination of 

thiosulpha*®' «^ •rMjiSi' but -wlieii. tlie quantity of iodine to 

•"^ !^*St'*consideii>Vs tlie method is unwieldy. Proba. 

^ eetunatto * ^ oeneTafty ua iise is that baaed upon the 

^j tlie P«^.™^ V J^aeaoB of a ferric salt, and the titration 

liberation o^^*'^ j' otjiex of the weU-known iodometric 

methoflB. i. ^ appatatoB for properly condensmg the 

?^te IdeSetxtal rxapi^ty and^ of execution. In 

distiiiftte 18 asw-uix ^^ iodine set free should be measured 

^lu8 process ^V^°T , ^^ {etric salt, and, were the ferrous 

exactily by tlie .^J<^^^ ^| ^le action sufficiently stable, the 

Bait produced m me c^* ^ ^^^ ^ substituted for the titra- 

determination ol its am ^.oUection and further treatment 

tion of the iotoie, and so ^ _^ ^^. ^^^ fe„ous salts are 

of the distillate «^*^^^^v^uence to preserve under the 

^jrr^t'Sr;^- Sieir own degree of oxidation, and 
eonditions^of^^ J^^ ^^^ ^^ ^^^^ ^, ,33. 



2 A METHOD FOR THE DETERMIlfATION 

the amount of iron found in the ferrous condition cannot be 
made to serve as a trustworthy indication of the reducing 
action which actually takes place in the separation of the 
iodine. The advant^e of replacing the collection and ex- 
amination of the distillate by treatment of the residue is, how- 
erer, so great as to constrain us to search for some substituta 
for the ferric salt, which, by virtue of easy reduciWlity may 
act as a liberator of iodine from hydriodic acid, and, at the 
Bune time, by reason of stability after reduction, shall register 
accurately the quantity of iodine set ibee in the reducing 
process. The results of our experience are contained in the 
following account. 

Strong sulphuric acid, as is well known, acts upon an iodide 
in a.way to liberate iodine at the cost of its own loss of oxy- 
gen, though by simple dilution of the mixture tiius formed the 
action is reversed, the iodine going back into the form of hy- 
driodic acid, and the products of the reduction of sulphuric 
acid again taking back their oxygen and re-forming the acid. 
In the presence of any Bubstance easily reducible by the deoxi- 
dfltion products of sulphuric acid, the liberation of iodine by 
the action of that acid upon iodides should take place without 
interference, and even more easily and completely than in the 
absence of such a substance, while the sulphuric acid should 
remain at the end of the process in its original form. If the 
products of reduction which appear in such a case in the place 
of those of the sulphuric acid should be neither readily oxidiz- 
able nor easily volatilizable, it ought to be possible to remove 
by heat the iodine set free in the action without disturbiag the 
record kept of its amount by the reduced substance remaining 
in the residue. 

The qualities of arsenic acid suggest it as a substance 
likely to possess just these qualities ; for, though arsenious 
acid is converted into arsenic acid by the action of iodine in 
alkaline solution, in acid solution the reverse is true to at least 
a limited extent, and arsenic acid liberates iodine according to 
the equation, 

H^AsO. + 2HI = H,A80, -I- H,0 + I-I. 
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^th sulpli^^ a«^^* s^^ sta^iig^ as to Uberate 
& ^^■^UL hydiiodic acid, the reavictioix should £aU in the 

'i^«^"^\t!^»ic,«^**'"^'^?^ o^ae produced should, 
eBdupotttt^® ^ ^^ions, pieserire ttxe x^oxa. of the iodine Ub- 
nndet P^-f '^^ved by vola^Jioxx. ^ATe therefore under- 
«»^ notation upon ti»i8 1"»«, aixa t,lie accompanying 
took expetu»« ^^^ ^^ a pTeVinxma.xy investigation of the 
toblc 8^^**^*^^ of a mixtore of svilp-lx-ciiic and arsenic acids 
jaode of *^rjine iodide. '^ making -tkiese tests a standard 
upon tttt TTaaum iodide -was P^^t iixto a. test-tube, a solution 
aolutioo of po ^^^ vras added, svO^plxviTic acid mixed with 
of potessium a ^^ ^^^ .^^^^ introdncea, the volume of the 
its o-wn ^^ ^^ted, a filni of kerosene 3 nun. thick -was placed 
liquid -was ^Jj^ jj£ ^Q liqvdd, and. tlie whole was heated 
upon the 8 ^ ^1 i^Qi^sene Mrajs clxosen in preference to 
gently ^°- *^ . iQ^e on acconnt; of its lightness, which 
other solvents ^ ^^ mixtuie, axicL its high boiling-point, 
xoakes it "^ J^ anpUcation of txesk-b to hasten and complete 
•vrbich peina disadvao**?® i» tlxe persistency with which 

the reaction. —ajig of ^® test-tJnloe, so that washing with 
it adheres to we , ^^^n after th.e completion of each test is 
alcohol (ot otne ^^ transfer of the iodine of one test to 

necessary to p •,.__ The data of these experiments are 

the test next succeeding. ^ i- 

jj^catedintheheadu^^ ^^^^^ ^^ ^ ^^^^ ^^ absolute 

It -wai be notea ^^^ -^^ proportion to the entire vol- 

oxnotint of iodine v arsenic salt remained the same, 

^ "^ S' T^phniic acid being the variable element, it 
pwportion of ^^ ^^ snlphuric acid should reach at 



3 propoi**"" "- t ^^ sulphuric acid should reach at 

gboxm that the P^^**!^^ ^ ^^q hundred of the solution in 

least twelve parts by vol ^^^^^ ^f the test may be devel- 

order that the °««"J'^,^o acid beyond this proportion i 
J An excess ot siupnuii" 



the 

is 

least ^ ^ ^^^ ^^^ ,.„._ 

i.u«. '*"''*^"^**^^_^^^^^ ^^ beyond this proportion is 

An excess 

disadvantageous. absolute amount of iodine 

o. Series B the P«>PO^^ *;| ^^id, while the quantity of 

as well as the P~PO^°^ ^ ^^^ts of tiiis series confirm 

*r«e-c r-f^if T:r^kes a« to the proper proportion of 



^ose ot the previous 
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sulphuric acid to be used, and the sensitiyeness of the test 
is shown to leach (in round numbers) one part by weight of 
iodine in six hundred thousand parts of the solution. 
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The tests of Series C indicate plainly that it is the sulphuric 
acid which is the potent agent in liberating the iodine, the 
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TS ^c^^y noteworthy Ux S^^*^ 
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PT^ K«t ite addition beyond a verv .^^ti^enesa of the 
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aeacnbed wre " coivp«*» -J«^^ ***® question arises 

-^^ '^ *":of ^t a2^" --^ ^^"- -^d be sinular 
in the presence of larger amou 

correspondingly greater amomil 
produced ^tiiite tendency to ^ 

to which the elimination oi lom 




tliat 

ous oxide which is 

irding 




to ^hich tlie ehiniimUon 01 lo^ The solutionof 

this question ms reached m tlie f oUo>,eiixg experimento : 

To 50 cm» of Uquid contamxx^ ^q cma of sulphuric acid 
ri:i]aiidlcm»of adecmormal Bolrttdonof 
slum iodide (0.001265 grm. of the foxier in 0.0018 gnn. otthe 
latter) vm added 1 cm* of a aecxnornaal solution of arsenious 
oxide (0.00495 grm.), an ^^^ ten tdmes as much as would 
be necessary to converb tiie iodine into hydriodic acid were 
the solution alkaline- The color of the iodine vanished gradu- 
ally under the action of tlxe arseniorua acid, but was restored 
by the addition of 1 gnn. of hydrogen potassium arseniate, and 
j^ain dispelled by anotiier portion of arsenious acid equal in 
amount to tiiat introduced at first. Heat was applied at this 
point, with the result that the color of iodine showed again 
fainfly, and upon boiling the liquid iintil its volume decreased 
to 26 cm« it became colorless and yielded no iodine when agi- 
tated with nitrous acid and chloroform. 

An experiment differing from the last in that thirty times 
as much arsenious oxide and iodine were taken, gave similar 
results. 

It is plain, therefore, that the arsenious acid and arsenic 
acid exert opporite effects under the conditions of these 
experiments, and that one or the other prevails according to 
the proportionate comporition of the solution, the degree of 
dilution, and the temperature. 



6 A METHOD FOR THE DETERMINATION 

The experiments detailed in the following statement were 
intended to deteimine the conditions best adapted to eliminate 
the iodine from such quantities of potassium iodide as would 
ordinarily be dealt with in the course of analysis. 

A solution of potassium iodide was placed in an Erlenmeyer 
beaker of 300 cm^ capagity, followed by a solution of potassium 
arseniate and by dilute sulphuric acid [1:1], and the volimie 
of the liquid was diluted to about 100 cm*. A mark was put 
upon the beaker to indicate the level to which the liquid was 
to be reduced, a spiral of platinum wire was placed in the 
solution to prevent explosive ebuUitioni and the contents of 
the flask were boiled until the desired degree of condensation 
was reached. Colorlessness of the liquid at this point, though 
a fair indication of the absence of free iodine, is no indication 
that the hydriodic acid has been completely decomposed, and 
so, in the event of finding the liquid colorless, it was first 
cooled and shaken with chloroform to prove or disprove the 
absence of free iodine, and then tested for the presence of 
hydriodic acid by shaking with nitrous acid and chloroform. 

An inspection of these results shows at once that when the 
larger amoxmts of iodine are to be eliminated the proportion of 
sulphuric acid to the final volume after boiling needs to be 
increased somewhat beyond that which is necessary to set free 
very small portions such as were dealt with in the experiments 
of the earlier series. 

In Series D it appears that the proportion of sulphuric acid 
increases from 8.3 per cent to 25 per cent of the whole volmne 
before the liquid is foxmd to be free from iodine as such, and 
even then there sometimes remain minute though probably 
insignificant traces of hydriodic acid. 

In the experiment of Series E the liquid was diluted after 
concentration and the boiling repeated, and the volatilization 
of the iodine was thus more nearly perfected than in the cor- 
responding experiments of the previous series — a proportion 
amounting to 16.6 per cent apparently accomplishing the work 
done by 25 per cent of the same acid in a single concentration. 
The results of Series F, G, and H, are closely comparable with 
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those of the corresponding experiments of Series D. Through- 
out these experiments it is again made evident that it is the 
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proportioiii and not th6 absolute amount, of sulphuric acid 
which is the great factor in the liberation of the iodine. So 
&r as concerns the purposes of good analysis these results 
indicate the elimination of iodine to a reasonable sufficiency 
when the reduction of bulk raises the percentage by yolume of 
the strong sulphuric acid to twenty-five and to perfectioui as 
in the latter determinations of Series G, when the percentage 
reaches twenty-eight and a half. It remains to be seen whether 
the arsenious oxide reduced in the separation of the iodine will 
resist successfully, under the conditions of these experiments, 
the tendency to volatilize which the presence of chlorides and 
bromides, imd the consequent liberation of hydrochloric and 
hydrobromic acids, might presumably induce. 

The experiments of Series I wecQ directed to the elucida- 
tion of this point. 

Decinormal solutions of iodine and arsenious acid were pre- 
pared, standardized, and tested against one another in the usual 
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the proportioiii and not the absolute amount, of sulphuric 
acid which determines the degree of yolatility of the arsenic 
is explicable upon the assumption that the smallest quantity 
of sulphuric acid employed is sufficient to liberate all the 
hydrochloric acid (or, at least, nearly all), and that this, by 
its action on the arsenious oxide, forms the yolatile chloride 
proportionately to the amount of water removed bodily by 
concentration or withheld from effective action by the attrac- 
tion of the sulphuric acid. 

In extending this line of experimentation to cases involving 
the action of hydrobromic acid upon arsenious oxide we found 
it sufficient for our purpose to employ only the highest degree 
of concentration recorded in the previous experiments and to 
use 1 grm. of potassium bromide — an amount corresponding, 
molecule for molecule, to about 0.5 grm. of sodium chloride. 
The results, given in Series J, indicate that under these cir- 
cumstances the loss of arsenic is inappreciable. 
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It appears, therefore, from the results of Series I, that, when 
the amount of sodium chloride present is restricted to 0.5 grm., 
the liquid may be boiled until the sulphuric acid amounts to 
88.8 per cent of it, with a loss, on the average, of 0.0008 grm. 
of arsenious oxide, and to 25 per cent with a loss of 0.0004 grm. 
With either of these proportions the results are sufficiently 
favorable to warrant quantitative testing of a method for sepa- 
rating chlorine and iodine based upon the volatility of iodine 
and the non-volatility of arsenious oxide under the conditions. 
The case is even more favorable for the similar separation of 
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The sodium chloride and potassium bromide used were 
shown to be free from iodine, and the hydrogen potassium 
arseniate contained no arsenious acid. 

The mode of proceeding was, in general, like that of the pre- 
yious experiments. The solution of potassium iodide was put 
in an Erlenmeyer beaker of 800 cm' capacity, two grams of 
hydrogen potassium, arseniate were added in solution and fol- 
lowed by 20 cm* of sulphuric acid [1:1], the liquid was 
diluted with water to a Uttle more than 100 cm^ a platinum 
spiral was placed in the flask to secure quiet ebullition, a trap 
made by cutting off a two-bulb drying tube about an inch from 
the inside bulb was hung, large end downward, in the mouth 
of the flask to preyent mechanical loss, and the liquid was 

boiled until the level reached the 85 cm' mark 
^ put upon the flask. At this point the flask 
ff was cooled, the acid nearly neutralized with 

^JB|| completed by acid potassium carbonate, 20 cm' 

f |F of the last being added in excess, a definite por- 

/ 11 W ^^^ ^^ starch indicator added, and the contents 

^^L^tajtm ^ arsenious acid determined by titration with 

\., a decinormal solution of iodine for the larger 

^'*- ^* amounts, and a oentinormal solution for the 

smaller. Due correction was made for the amount of iodine 

necessary to develop the test-color in a solution prepared and 

treated similarly in all respects to the experimental solutions 

excepting the introduction of the iodide — the correction 

amounting to a single drop more of the decinormal solution 

than was required to produce the end reaction in the same 

volume of pure water containing only the starch indicator. 

The decinormal solution of iodine was made by dissolving 
12.65 grms. of carefully resubUmed iodine in potassium iodide 
(proved free from iodate) and diluting to a liter. The oenti- 
normal solution was made by diluting the stronger solution. 
The standardizing was effected by comparison with a solution 
of arsenious oxide containing 4.95 grm. to the liter. This 
mode of fixing the value of the solution should and, as the 
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geqael proved, did indicate the correct standard, but for the 
sake of confiimation the value of the arsenic solution was 
redetermined by titration against iodine specially purified by 
subliming off potassium iodide, resubliming between watch- 
glasses, and exposing during forty-eight hours over sulphuric 
acid. Portions of the iodine thus prepared were weighed in a 
glass-stoppered weighing bottle, dissolved in the same without 
danger of volatilization by introducing pure solid potassium 
iodide and a little water, and diluted and treated with the 
solution of arsenious acid measured from a burette until the 
color of iodine vanished. The excess of arsenious oxide was 
determined by titrating against the standard solution of 
iodine whose value in terms of measured portions of the 
solution of arsenious oxide was perfectly known. 
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In Series K are detailed experiments which follow the line 
marked out for the separation of iodine from chlorine and 
bromine in the haloid salts, excepting that the iodide was 
entirely omitted for the purpose of discovering whether 
hydrochloric and hydrobromic acids possess reducing action 
upon arsenic acid under the conditions. The evidence is 
plain that no arsenious oxide is formed by the action of 
0.5 grm. of sodium chloride upon 2 grm. of the arseniate 
under the circumstances as given. 

Hydrobromic acid, on the contrary, is slightly decomposed 



HOD FOR THE DETERMINATION 



3n of bromine enough to give visible color to 
liquid, but the amount of bromine lost, as 
3 arsenious acid produced in its evolution, 
grm. for 0.5 grm. of potassium bromide, 
I. for 0.1 grm. of the bromide. Further 
cated, however, that concentration cannot go 
less than 35 cm^ without causing serious loss 
um amount of bromide is present. 
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•e given the results of twenty-six determina- 

j the method outlined. 

)n of these results it appears that the method 

3le under all the conditions tested. 

chloride nor bromide is present, the iodine is 

li a mean error of 0.0002 grm. 
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Thus for example, the coneotion in (24) wUl he 0.0011 grm. + 
(= 0.6X0.66X0.004) and 0.0008 gnn.-(= 0.6x0.0016). The 
indiTidual results of Series L thus corrected will stand as 
follows: 
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The mode of pioceeding in the analysis of a mixture of 
fllhftlinfl chlorides, bromides, and iodides, according to this 
method, may be briefly stunmarized as follows: 

The substance (which should not contmn of chloride more 
than an amount corresponding to 0.6 grm. of sodium chloride, 
nor of bromide more than corresponds to 0.6 grm. of potas- 
sium bromide, nor of iodide much more than the equivalent of 
0.6 grm. of potassium iodide) is dissolved in water in an 
Erlemneyer beaker of 300 cm° capacity, and to the solution 
are added 2 grms. of dihydrogen potassium arseniate dissolved 
in water, 20 cm* of a mixture of sulphuric acid and water in 
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TWO METHODS FOR THE DIRECT DETERMI- 
NATION OF CHLORINE IN MIXTURES OF 
ALKALINE CHLORIDES AND IODIDES. 

By F. a. GOOCH ato F. W. MAB.« 

The determination of chlorine associated with iodine in 
haloid salts is usually accomplished by differential or indirect 
means : either the two halogens are determined together in a 
portion of the assay while the iodine alone is estimated in a 
second portion by one or other of well known methods, the 
difference between the sum of the halogens and the iodine 
being the chlorine sought ; or, the silver salts of the halogens 
are weighed together and then converted into a single salt, or 
tiie metal, tiie ratio of chloride to iodide in tiie original salt 
being found by simple algebraic processes. If the amounts of 
iodine involved are minute, it is possible to separate that ele- 
ment by Fresenius's method of treatment with nitrous acid 
and a solvent like carbon disulphide, and then to determine 
chlorine directiy in the residue ; but the manipulation of the 
process is difficult, and the results inaccurate, when much 
iodine must be removed. The only method which has been 
deemed generally applicable to the direct estimation of 
chlorine associated with iodine in haloid salts is based upon 
Lassaigne's reaction, by which the iodine is precipitated as 
palladious iodide ; but, the necessity of removing the excess 
of palladium by hydrogen sulphide before proceeding to pre- 
cipitate the chlorine is so irksome that, even in this process, it 
is found to be more convenient to faU back upon the estimation 
of chlorine as the difference between the iodine found by 
the palladium process and the sum of the iodine and chlorine 

* From Am. Jour. Sci., xxzix, 203. 
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obtained by another test in another portion of the material. A 
straightforward and easy method for determining the chlorine 
is obviously desirable, and in the work of which we here give 
an account we have endeavored to find such. 

It is a well-known &ct * that when an aqueous solution of 
hydrochloric acid is boiled, a point of concentration is reached, 
by the excessive loss of acid from stronger solutions and of 
water from weaker ones, at which, for definite barometric 
pressure, the liquid boils at a constant temperature and distils 
unchanged in composition. It follows naturally that a degree 
of dilution may be reached beyond which the loss of the acid 
must be inappreciable. Indeed, Fleischer justifies his use 
of hydrochloric acid as a standard in alkalimetric processes 
upon his observation that decinonnal solutions of this acid, 
and even solutions of twice the strength (7.3 grms. to the 
litre), do not yield, after ten minutes' boiling, enough acid to 
redden blue litmus paper held in the steam. Hydriodic acid 
behaves similarly to hydrochloric acid in the matter of volatil- 
izing from aqueous solutions ; but to the decomposing action 
of oxidizing agents it is far more sensitive. Our endeavor has 
been to find conditions under which hydriodic acid may be 
completely broken up, and its iodine removed from the solution 
by vaporization, while the hydrochloric is retained without 
appreciable loss. As a first step toward the solution of this 
question we initiated a series of experiments upon the volatility 
of hydrochloric acid in solutions containing sulphuric acid, 
having fixed upon the latter as the most available means of lib- 
erating hydrochloric and hydriodic acids from their compounds 
with the alkaline metals. After a few preliminary experiments 
with litmus paper exposed in the steam from boiling solutions, 
we settled down upon two modes of investigating this point. 
According to the first, the determination of the chlorine re- 
maining after concentration in solutions made up of water, 
sulphuric acid, and known amounts of the chloride, by precip- 
itating as silver chloride, filtering the precipitate on asbestos, 
and weighing, was made the test of volatility of the hydro- 

* Boscoe and Dittmar, Quart Jour. Chem., zil, 128. 
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chloric ftcid ; in the second, the same object was accomplished 
by estimating the chlorine escaping from the solution, by 
passing the steam through a condenser and precipitating the 
acid in the distillate by means of silver nitiste, collecting and 
weighing the sUver chloride as in the former method. 

The experimenta of Series A to Series F were carried out 
according to the first method. In them portions of a dilute 
solution of potassium chloride of known value were measured 
from a burette into Erlenmeyer flasks of 500 cm' capacity, 
sulphuric acid diluted one-half was added, and the solution 
was boiled until the flask and contents removed from the flame 
and placed upon counteipoised scales just tipped the beam. A 
few trials sufficed to bring the we^ht to die required point, 
and the degree of concentration was determined by this means 
far more accurately tiian by lowering the level of the liquid 
to marks placed upon the flasks. The hydrochloric acid 
remaining after concentration was determined as described, the 
comparison of tiie result with the value of the standard solution 
of chloride indicating, of course, the total loss in the process. 
In the experiments of Series A, B, C, D, the effect is traced 
of increasing proportions of chloride as compared with the 
same amount of sulphuric acid taken. In those of Series C, E, 
F, the influence of changing proportions of sulphuric acid, 
while the amount of chloride remmns the same, is brought out. 
In both seta the evidence is plain that the volatility of the 
hydrochloric acid is dependent upon the proportion of sul- 
phuric acid as well as upon the amount of the chloride present. 
It appears likewise that when tiie amounts of sulphuric acid 
present are reasonably small the loss of hydrochloric acid is 
nsiderable, if the concentration is not pushed to too great 
ixtreme. 

he quantities of chloride dealt with in the preceding ex- 
ments are rather smaller than those which would naturally 
bandied in practical analysis, so that it seemed best to 
md the experimentation to solutions of greater dilution and 
taining larger amounts of chloride. In the experiments of 
es G, and subsequently, the second mode of treatment 
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referred to was adopted. The flask was filled as before, but 
was connected with an ordinary glass condenser so that the 
distillate might be collected and measured, and the hydro- 
chloric acid condensed with the steam was estimated by pre- 
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cipitation as silver chloride, the last being dried and weighed 
as such upon asbestoB. The details of the experiments are 
given in the tabular statement. 
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It is obvious from these results that a solution containing 
10 cm" of the 1 : 1 sulphuric acid, or 5 cm' of the strong acid, 
may be concentrated to 200 cm' without significant loss of 
hydrochloric acid. At a concentration of 100 cm' the loss is 
notable. In later experiments, we found that a small part of 
the precipitate which we weighed in these experiments must 
in reality have resulted from the action of the solution upon 
the rubber stopper and connectors of the apparatus; for the 
distillate &om pure water in the same apparatus yielded a 
precipitate, probably silver sulphide, which, filtered off and 
weighed, was found to amount to 0.0003 grm. The figures of 
Series G, therefore, overstate somewhat the volatility of 
hydrochloric acid under the circumstances, but the misrepre- 
sentation is inconsiderable. We fixed upon 300 cm' as a con- 
venient volume of liquid to manipulate in future experiments, 
and one sufficiently dilute to guarantee security gainst the 
volatilization of hydrochloric acid when the amount of sul- 
phuric acid does not exceed 5 cm' of the strong acid, and when 
the quantity of potassium chloride present does not exceed 1 
grm. 

The next point to be considered was the proper mode of 
breaking up hydriodic acid and volatilizing the iodine thus Bet 
free, while leaving the hydrochloric acid fixed. 
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When a sufficient amount of nitric acid is added to restore 
the iron to the ferric state, the boiling of the solution resulted 
in the complete liberation of the iodine. In dilute solutions 
the amount of nitric acid necessary to oxidize a fixed quantity 
of ferrous salt is greater than in concentrated solutions. 
Thus, while O.t cm' of strong nitric acid should be more than 
enough to reoxidize the iron reduced by 1 grm. of potassium 
iodide when the full oxidizing action is brought out, we 
found it necessary to add to the dilute solutions with which 
we worked about 2 cm' of the acid to complete the action 
satisfactorily. Incidentally, we found that the nitric acid by 
itself — that is, without the presence of the iron salt — is not 
effective in liberating the iodine ; for, the successive addition 
of portions of 1 cm' of nitric acid to a solution containing 
10 cm' of sulphuric acid [1:1], and 1 grm. of potassium 
iodide in a total volume of 400 cm' until the amount of 
nitric acid reached 5 cm', the liquid boiling all the time, 
liberated but little iodine, while the addition at this point 
of 2.5 grm. of ferric alum determined the evolution of iodine 
in dense fumes. 

The addition of 2 cm', or at the most 8 cm', of strong 
nitric acid to solutions constituted as has been described 
proved to be sufficient to liberate the entire amount of iodine 
present. The question as to whether the hydrochloric acid 
is affected by the addition of so much nitric acid was settled 
in the experiments of the following series. In these deter^ 
minations a little sulphurous acid was added to each distillate 
to insure the complete precipitation of the chlorine by silver 
nitrate, and sufficient nitric acid was added to redissolve the 
silver sulphite thrown down also at first. 

It appears in these results that the ferric salt has no 
perceptible influence upon the hydrochloric acid, and that 
the presence of nitric acid within reasonable lunits does not 
sensibly increase the loss of hydrochloric acid which takes place 
under conditions otherwise similar, strong nitric acid to the 
amount of 6 cm' in a total volume of 800 cm' producing no 
apparent increment of loss from half a gram of hydrochloric 
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the whole volume was brought to 400 cm^ and the liquid 
was boiled with the addition of nitric acid as indicated in the 
table, 1 cm' being added after it appeared that all iodine had 
been expelled. 

The color of the ferric salt renders it impossible to tell by 
the appearance of the solution the exact moment when the 
iodine has been expelled, and starch paper loses its sensitive- 
ness in hot vapors. We bestowed some attention, therefore, 
upon means for the detection of small amounts of iodine in 
hot steam in order to avoid the inconvenience of condensing 
the distillate and testing it for iodine. We foimd that red 
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litmus, preferably wet, is a most sensitive agent for the detec- 
tion of iodine under the circumstances, taking on with expo- 
sure to traces of the vapor carrying that element, a distinct 
gray-blue, deepening with exposure to larger amounts into a 
lavender-blue. The addition of 0.005 grm. of iodine to 400 
cm' of boiling water produces immediately upon red litmus 
paper the characteristic lavender-blue color, and the test 
grows fainter and fainter as fresh test-papers are exposed, 
until at the end of five minutes, or thereabouts, when the 
litmus paper shows no color, the cooled solution yields no 



(}i 















I 

m 

1 






tr, 



* The iron was added in tiie form of iron alum, 
t The iron was added as FeS04 oxidized by HNOg. 






-rid Ml* oWorotomo.. 




of 
an 




TnirL To P*"* .^^ in a pre V"^ 

consisting fXott '^^^ J^^^eyex fia^m ^^^^ «ixd do^waid 

fl««^*^rdiepte«iP"*^^aring ^^i^^^'^^^^cmned similarly 
^tiatfi, «^*^ed in staixd**^^'^*^* -"xo »o\xLtioii of potassium 

to that 0" v annlr *-v. 

' ..V. o! '»"?^!j.u!tory Tesvilt» ^w^^. .k. . , .i,;. 






on, **^ ~^ "s^Jaxement. 

^tisfao^^'y resva.ts -pxo-ve the trustworthi- 



s-iigge>st©a. 







trwo straight drying tubes con- 

; ftlpire p. 12. 



Qp ALKALINE CHLORxr^E ^ 

., . '^ ^-^i) IODIDES. 




cm' 



from 2 gnn. of flodium nitrite acted ' ^^ *^® ^*Por 

add (preferably in a simple genie^I^^^ ^ ^"^^ sulphuric 
gl^^e) is passed with reasoxutfel^ '♦ ^^^^ ^ ^ described 

solution. The Uquid is boiled. xiTi«i^^P^*^*y "**** *^e agitated 



coloriess, and still further 

^V«A ^^ ... 



iodine after an exposure of tw-o minT^ ^^^ °° reaction for 

flask are treated with sUvei? ^^*®^ ^^ contents of the 

cbloride is treated exacUy aa in*^*®L ^^ *^® precipitated 

Both methods are couveniexxt a^^^."^'*^"^ 



m 

A METHOD FOR THE REDUCTION OF ARSENIC 

ACID IN ANALYSIS. 

Bt F. a. GOOCH akdP. B. BROWNING.* 

Holthoff's deyelopment of Mohr's suggestion relative to tiie 
reduction of arsenic acid to the lower condition of oxidation 
by the action of sulphurous acid, f with the demonstration that 
arsenic acid can be evaporated even to dryness in presence of 
hydrochloric acid without danger of significant volatilization, 
has placed the analysis of ordinary compounds of arsenic, both 
natural and artificial, within the scope of Mohr's classical and 
exact method of determination by titration with iodine. As 
Holthoff left the method, it is satisfactory, so &r as regards 
accuracy, and as modified by McCay, X who substitutes for the 
four hours' digestion heating for one hour in a pressure-bottie, 
is eminentiy successful. In the account of the experiments 
about to be described we detail our experience in an attempt 
to shorten still further the process of reduction of arsenic acid 
by making use of hydriodic acid as the active agent instead of 
sulphurous acid. 

In a recent paper § we have described a method for the 
determination of iodine in haloid salts based upon the action of 
arsenic acid, in the presence of sulphuric acid, according to the 
equation, 

H,As04 + 2H-I = H,AsO. + H.O + I-I, 

the iodine being completely volatilized, but leaving behind in 
the arsenious acid produced by the action the record of the 

* From Am. Jour. Sci., xl, 66. 

t Zeitschr. anaL Chem., zziii, 878. 

X Am. Chem. Jour., yii, 878. 

§ Am. Jour. Sd., xxzix, 188. This yolome, p. 1. 
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amount of hydriodic acid orginally present. This reaction we 
propose to utilize conversely, and to employ potassium iodide 
in excess, in presence of sulphuric acid, to bring about the 
reduction of tJie arsenic acid to arsenious acid which may be 
determined, after neutralization, by the iodine method. The 
conditions of the methods are different in that in the former 
the hydriodic acid is entirely broken up by the action of the 
arsenic acid, and the iodine volatilizes easily, while in the 
latter some hydriodic acid must remain in solution untU a very 
low degree of concentration is reached, and remaining must 
exhibit its characteristic proneness to retain free iodine. 

We find in practice that when a solution made up to con- 
laiQ sulphuric acid, an arseniate and potassium iodide to an 
amount somewhat in excess of that theoretically demanded to 
effect the conversion of the arsenic acid to arsenious acid, 
is boiled, iodine is evolved and the color of the liquid passes 
from the dark red when the iodine is abundant through the 
various gradations of tint to a canary yellow, and then, as 
the sulphuric acid reaches a degree of concentration sufficient 
to detemnne by its own specific action the liberation of iodine, 
the color again darkens, and if the process of concentration is 
continued, and much arsenic is present, crystals of arsenious 
iodide separate and form more abundantly on cooling. If 
evaporation is pushed still &rther the arsenious iodide begins 
to volatilize and at the point where the sulphuric acid fumes 
the liquid loses all color and the arsenic has vanished more or 
less completely. In one experiment conducted in this manner 
it was found, by the method to be described later, that of 
0.8861 grm. of arsenic pentoxide originally present with 1 
grm. of potassium iodide and 10 cm' of sulphuric acid [1 : 1] 
the equivalent of 0.1524 grm. remained. In another similar 
experiment in which, however, only a few milligrams of 
arsenic oxide were involved not a trace of arsenic remained at 
the end. 

It is obvious that two points in this course of action demand 
examination at the outset. First, means must be found for 
removing the remnant of free iodine which is withheld by the 
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hydriodio acid, or of Tendering it harmless in the titration 
process to follow ; and, secondly ,^ the degree to which the solu- 
tion may be concentrated without loss of arsenic must be fixed. 
In our work upon the converse of this process, we noted 
particularly the marked influence of the amount of sulphuric 
acid present upon the degree of concentration necessary to expel 
the iodine. We turned attention, therefore, at once to this 
point in the present case and investigated the effect of varying 
the proportion of sulphuric acid in solutions containing 
definite amounts of potassium iodide and potassium arseniate. 
The volume of the solution was made tup to about 100 
cm ' and concentrated by boiling until the color was faintest. 
Then to determine provisionally, and for prelimmary purposes, 
the point at which volatilization of arsenic was likely to occur, 
the concentration was continued until the arsenious iodide 
began to separate. The results are tabulated as follows: 









VolmnawlMii 


VohiBM 


KL 


A%(V 


H,B04C1:1]. 


ookMr WM 
UgbtMt 


when Adg 
appeared. 


frill* 


|TIBU 


on* 


cn^ 


emt 


1 


0.1900 


20 


SO 


88 


1 


0.1000 


16 


66 


26 


1 


0.1900 


10 


40 


19 


1 


ai900 


6 


80 


11 



The amount of sulphuric acid which, considering rapidity 
in concentrating to the proper point, ease in neutralizing the 
acid previous to titration, and general convenience in manipu- 
lation, seemed to be best was 10 cm' of the mixture made by 
diluting the acid with an equal volume of water. This we 
fixed upon for use in future experiments and set the Umit 
of concentration at 40 cm^ 

It is manifest from the phenomena described that when 
much hydriodic acid remains in the solution the last portions 
of free iodine cannot be completely removed by heat without 
volatilization of the arsenic. We experimented, therefore, upon 
the effect of very dilute sulphurous acid upon the remnant of 
iodine in liquids constituted as described and concentrated to 



• vDitt^ color, the solxita. 

. t)oi»* °^ °^*S»rr^P°''^^^ ^^t>^«^:^^^* sulphurous 

1k^^^%-^^t^s^ letunxea, ^0^^^" stand a single 
UKTc^^o' °* "^ ^°* tydrioaic. ^^^^ developed by 
2;»l^*^^raii^P"?^oxxceailuti^8 tix^^^ We adopted, 
^actio^ t plajxoi »* pbti«>^ ««i^ Ixal ^^>ition with cold 

*»*«^ ^tS^ tieut^^^as followed ^ ^bonat«. When 
r^^Toi ptocee^ arsenio^s acia. -^ ^^^ "^^le to find 
^^ r.^ reversion ^i ^^ solvitioxi ^^'^^^c acid, magne- 
e'^''**^«te Pi^'^''^ ^»ia*®- precipitate of the 

^°f^ out *^^ JTexaJninatioTr^* !^l, therefore, we pro- 
FoUo^ nuaati^**'''! JTdil.^^ * "*^® Process. Portions 

ce^«^*^f^S^^°^°*^L^^^^^ poLsium arseniate 
^etax^da^^^x a burette mto. oovmt^erpoised Erlenmeyer 

^^oi250^^j^e actual amox^t. ^f the solution employed. 

^tlxetaea*^^^ to soluUon, a^a. XO cm' of sulphuric Lid 

pot»89i^ "^^^^ and tlie b^ii^ -wra« diluted with water to a 

[\ : 11 ^f VQ^t too cm*. A. trap nxade, as described in our 

voluiBe oi a jeveise oi this pxocess, by cutting down a 

papeT ^J°?^^tog ^^ * ^^ ^^i^g in. the neck of the flask to 

^^o.\)\jlbea J|^j.jj\o88, aa^ ^^ "iiq.-uia was rapidly concentrated 

pieveftt^** ^ ^g volume oi 40 CTa*, the point at which the 

by bo^^^. g Yiad laied to a pale yellow, was reached. At 

colot ot flask "was lemoved. irom the flame, its sides and 

^j^ poiu Q^ctly ■washed dovm, the weak sulphurous acid 

*^ *^^ ^ Arao by drop ixom. a hxirette until the color of the 

■^aaaoueo- _^ vanished, the liquid was immediately 

fe* iodii^ -^fatet, the free acid was nearly neutralized 

diluted ^^ (jajbonate and the point of neutralization was 

vjith potasffl 'Uttle by the addition of the acid potassium 
lewibed and passea » 



• See figure on p. 12. 
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carbonate. After cooling completely, a definite amount of 
starch solution was added and the titration of the arsenious 
acid was proceeded with as usual, due correction being made for 
the amount of iodine necessary to produce the end color into 
the Yolimie of liquid and starch solution employed. 

The value of the standard solution of the arseniate was fixed 
by two series of determinations. One series was made accord- 
ing to Level's metiiod of precipitating the ammonium magne- 
sium arseniate and weighing as the pyroarseniate, modified, 
however, in that the precipitate was collected on asbestos in a 
perforated crucible and ignited after moistening witii ammo- 
nium nitrate. In the second series McCay's modification* 
of Reich's method was followed, excepting that the silver 
arseniate was collected, dried and weighed on asbestos in a 
perforated crucible. The mean of several closely agreeing 
determinations gave the contents of 50 grms. of the solution 
in arsenic pentoxide as 0.3824 grm. by Levol's method and 
0.3830 grm. by McCay's modification of Reich's process. 
We took the mean of these figures, 0.8827 grm., as the 
standard of the solution. 

The details of the experiments with this solution are recorded 
in the following table. 



KT 


H,S^^:1]. 


ttau^i. 


foDnd. 


Brror. 


grm. 


ou' 


grm. 


grm. 


grm. 




1.6 


10 


0.8861 


0.8862 


0.00014- 




1.5 


10 


0.8802 


0.8856 


0.0006- 




1.6 


10 


0.8861 


0.8862 


0.0001+ 




1.6 


10 


0.8860 


0.3862 


0.000^ 




1.6 


10 


0.8863 


0.8862 


0.0001- 




.1.6 


10 


0.8862 


0.8862 


0.0000 






10 


0.1927 


0.1922 


0.0005- 






10 


0.1928 


0.1922 


0.0006- 






10 


0.1980 


0.1925 


0.0005- 






10 


0.1980 


0.1927 


0.0008- 






10 


0.1986 


0.1929 


0.0007- 






10 


0.1929 


0.1928 


0.0001- 



Experiments in which smaller quantities of arsenic were 
handled were made similarly, excepting that the standard 

* Am. Chem. Jour., yiii, 77. 
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solution, from which portions for the tests were measured, 
was made by diluting the foimer standard ten times, and 
centinormal iodine was used in the titration. 



n 


HgSO.Cl:!] 


takon. 


fOUM. 


Srror. 


|TIBU 


on' 


grm. 


grm. 


grm. 


1 


10 


0.0383 


0.0880 


0.0008- 


1 


10 


0.0888 


0.0886 


0.0002+ 


0.6 


10 


00888 


0.0884 


0.0001+ 


0.4 


10 


0.0883 


0.0886 


0.0002+ 


0.8 


10 


0.0888 


0.0886 


0.0008+ 


a2 


10 


0.0883 


0.0884 


0.0001+ 


0.2 


10 


0.0076 


0.0074 


0.0002- 


0.2 


10 


0.0076 


0.0074 


0.0002- 


0.2 


10 


0.0088 


0.0084 


0.0004- 


0^ 


10 


0.0038 


0.0084 


0.0004- 



When the amount of hydriodic acid in solution is small, 
correspondingly small amounts of iodine are retained after 
concentration. In the following experiments colorless solutions 
were obtained and, for the sake of comparison with the previous 
results, these solutions were neutralized and titrated without 
treatment with sulphurous acid, there being no apparent need 
for adding it in these cases. 



KI 

taken. 


H,B^:l] 


AjO, 


found. 


Xrror. 


gmu 
0.2 
0.2 


on^ 
10 
10 


gmu 
0.0088 
0.0088 


grm. 
0.0086 
0.0086 


grm. 
0.0008- 
0.0008- 



It appears, therefore, that the average error of the whole 
number of determinations (twenty-four) made by this process 
amounts to rather less than 0.0002 grm. — , falling between 
extremes of 0.0003 grm. + and 0.0007 grm. — . The entire 
amount of arsenic pentoxide handled in the twenty-four deter- 
minations was 8.7851 grms., and of this 8.7809 grm. were 
indicated in the titration as reduced to the arsenious condition. 
The loss 0.0042 grm. — the entire error of the process — 
amounts to 0.11 per cent of the amount taken. 
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Certain experiments were made to see whether the period 
of evaporation might not be dispensed with by so modifying 
the process that the entire amount of iodine set free in the 
action of the sulphuric acid, the arseniate, and the iodide 
might be reconverted at once by sulphurous acid to the con- 
dition of hydriodic acid. The conversion was apparently 
successful, but the results of the modification were several per 
cent below the truth, indicating that the digestion during 
evaporation, or the removal of the free iodine, or the combined 
effect of the two, is essential to the completion of the reduction 
of the arsenic. 

The process as we recommend it may be summarized briefly 
as follows: — To the arseniate in solution are to be added 
potassium iodide in excess of the amount needed according 
to the equation to complete the reduction, and 10 cm^ of half 
and half sulphuric acid. The liquid is to be diluted to about 
100 cm^ and boiled rapidly (with the precautions of trapping as 
described) until the volume is decreased to 40 cm*. The color 
of free iodine is to be bleached by cautious additions of 
sulphurous acid (corresponding roughly to centinormal iodine) 
and instantly diluted with water and neutralized with potassium 
carbonate, the neutral carbonate at the first and afterward the 
acid carbonate. The whole is to be cooled and titrated as usual 
with iodine, usiog starch as an indicator. Its advantage is in 
the rapidity with which it may be executed, the whole opera- 
tion being easily completed in a half-hour. 
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IV 

THE DIRECT DETERMINATION OF BROMINE IN 
MIXTURES OF ALKALINE BROMIDES 

AND IODIDES. 

Bt F. a. GOOCH akd J. B. ensign.* 

In a lecent paper from this laboratoiyf two methods were 
elaborated for the direct determination of chlorine in mixtures 
of alkaline chlorides and iodides. These methods are based 
upon the action of oxidizing agents in presence of free sul- 
phuric acid, upon dilute solutions of the haloid salts at the 
boiling temperature. Under conditions properly controlled, 
iodine is entirely eliminated by volatilization, leaving the 
chlorine combined and undisturbed. In the work of which 
this paper is an account we have endeavored to determine the 
applicability of the same reactions to the separation of bro- 
mine from iodine in similar association. It appeared very 
early in the work that the exact conditions which were foimd 
suitable in the separation of chlorine and iodine are inappro- 
priate to the separation of bromine and iodine. Thus, while 
according to one of the two methods which we discuss, the 
gas evolved from 2 grms. of sodium nitrite, passed into a 
solution containing in 400 cm^ 0.5 grm. of potassium chloride, 
1 grm. of potassium iodide, and 5 cm^ of strong sulphuric 
acid, eliminated the iodine with a mean error of 0.0002 grm. +, 
and, while according to the other process the iodine was 
removed by the action of 2 grms. of ferric sulphate and 3 cm® 
of nitric acid upon a solution similarly constituted otherwise 
with a mean error of 0.0001 grm., it was found that like con- 

* From Am. Jour. Sci., zl, 146. 

t Gooch and Mar, Am. Jour. ScL, xxadz, 203. This yolmne, p. 18. 






r*^ 



88 DETERMINATION OF BROMINE IN MIXTURES 



ditdons in certain experiments in which potassium bromide 
replaced the chloride were productive of errors amounting to 
from 0.0100 grm. to 0.0200 grm. in both processes. It was 
evident, therefore, that the reactions which obtained in these 
processes must be carefully studied and adjusted to make 
them applicable to the separation of bromine and iodine. 
Attention was turned at t^e outset to the behavior of the 
bromide taken by itself — that is, unaccompanied by an 
iodide — in boiling solutions containing the reagents of the 
process. Measured portions of solutions of potassium bro- 
mide and of the other reagents were brought to definite 
volume and boiled in a distillation flask connected with a 
condenser. The measured distillate was treated with silver 
nitrate after the addition of a few drops of sulphurous acid 
to convert free bromine to hydrobromic acid, and, after the 
addition of an excess of nitric acid to dissolve precipitated 
sulphite the silver bromide was settled, filtered off upon 
asbestos in a perforated crucible, dried and weighed. The 
details of these experiments are given in the accompanying 
tabular statement. 
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800 
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0.0006 


0.0008 
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0.6799 
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0.0024 
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0.6799 
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0.6799 


600 
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0.6799 
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0.6799 


400 


800 
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0.0001 
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0.6799 
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200 
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0.0002 
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0.6799 
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0.0019 


0.0008 
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0.6799 
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m. 



10 
10 
10 
10 
10 
10 



8 




8 




8 




8 




8 




8 





0.6790 
0.6700 
0.6799 
0.6799 
0.6799 
0.6799 



600 


600 


600 


400 


400 


800 


800 


200 


200 


100 


100 


70 



0.0006 
0.0004 
0.0010 
0.0018 
0.0170 



0.0003 
0.0002 
0.0004 
0.0008 
0.0078 
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10 
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10 
10 
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8 
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6 
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0.6799 
0.6799 
0.6799 
0.6799 
0.6799 



400 


800 


400 


800 


400 


800 


400 


800 


400 
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0.0012 
0.0016 
0.0084 
0.0094 
0.0812 



0.0006 
0.0007 
0.0016 
0.0040 
0.0180 



V. 



H,BO« 



om* 



HKQ|. 



0.6799 
0.6799 
0.6799 
0.6799 
0.6799 
0.6799 



gnu. 
1 
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Final 
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60 
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= HBrloat 
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trace 

0.0009 

0.0007 

0.0004 

0.0004 

0.0428 



grm. 
trace 
0.0004 
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0.0002 
0.0002 
0.0180 



VL 



10 
10 
10 
10 
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0.6799 
0.6799 
0.6799 
0.6799 
0.6799 
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200 




200 


100 




100 
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26 
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0.0064 
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0.0006 
0.0006 
0.0027 
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0.0014 
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2 



HBr 

taken. 



= KBr. 



gnn* 
0.6799 
0.6799 
0.6799 
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1 
1 
1 
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Final 
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in the = HBr loet. 
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grm. 
0.0021 
0.0036 
0.0087 
0.0082 



grm. 
0.0008 
0.0016 
0.0016 
0.0036 
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^^T^^ Of Series I, it becomes plain that 5 
J.pi"inc acid (added m 10 cmS of tiie mii- 
.ti**^ the Btrong acid with an equal volume 

grin- of potassium bromide do not interact in 
roini*^ free or to volatilize hydrobromic acid 
aH the volume of the liquid has decreased by 
ttt 100 cm'. The results of Series II show, 
t, ■diat tlie effect of 8 cm' of nitric acid — the 
1 was found to be suitable in the separation of 
iblorine in presence of a ferric salt — is not 
itil the liquid is concentrated to 200 cm*. The 
«t of the two acids, aa shown in the experiment 

is somewhat different. Here it is evident Uiat 
iberated at the highest degree of dilution em- 
;h the loss is hardly significant in a volume of 
than 400 cm^ In die experiments of Series IV, 

increasing the proportions of nitric acid, while 

amount of sulphuric acid and the degree of 
lution constant, was manifestly to magnify the 
1 of the hydrobromic acid. 

'' to VIII, hydrobromic acid was employed instead 
Ide. From the results of series V, it becomes 
concentration of the pure hydrobromic acid may 
15 cm' without incurring serious loss. The effect 
ice of sulphuric acid in nusing the limit below 
EitilizatioD of hydrobromic acid begins appreciably, 

figures of Series VI. Series VII sets the volume 
I the Umit to which the same amount of hydro- 
nay be concentrated without loss in presence of 
o acid. Series VIII indicates unmistakably that 
olume of 500 cm' the combined influences of 
d, nitric acid and ferric sulphate, taken in the 
ed, remove bromine, the loss being greater when 

acid is present than is the case when the nitric 
c sulphate are present without it. 
i\ indication of all these results taken together 
into comparison would seem to be that improve- 
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'»«»*'^ '"^^rXfis"^*'^ i-^« t>y ta.e use of the 

diiection ot e^ . * ^^® solution treated. Accoid- 

Zl'^'^ ^1S Md^ ^<ierteken foUo^ving the sa 
?nJra pl-.^yJS^ ^— > e^eepting that le origi 



^"'"" (rf the Hquid boUed 



same 
ginal 

Tolame oi «-- *T"7. „ cnio'^JT' ^**^®>^ much larger than before, 
^ die <^oncenix^^on ^raed. I^etenninations were first 

^Q in uii»*^> in/iinoi ™^^> title process was completed 



i„all respects as if lodme wexe present and to be separated, 
^ebroiniae, "^^"J "^ ^ ^xlemneyer flask of 1200 cm» 



*.. hromide, 'weighed 



' was ixitxcKinced. To the solution of 



capacity, ^ere added 10 cna» of sulphuric acid [1 : 1], and 
et 2 gnn. of f emc Bulpi^ate aoad 6 cm« of nitiic acid 



were 



introduced or, after d^tmg -to at least 600 cm* of water, the 

gas from 2 gnns. of BO<livim xiitarite ^was passed into the Uquid, 

^e trap, consisting oi an abbreviated calcium chloride tube 

^^ two bulbs, was bTing in. tlie neck of the flask,* and the 

\)oaiDg "f^ continued iox at least an hour and a half. Finally 

tiie solution -was cooled, treated -with silver nitrate, and the 

nWet bromide precipitated -was settled, filtered off on asbestos 

. ^ peiioiated crucible, dried and weighed. The details of 

treatment are g>ven in the table. 

TABLE IX. 




1^ 



B 



grm. \ grm. i cxn» cm» 

0.6894 0.3667 800 500 

0.6387 0.8663 700 400 

0.6897 0.8669 600 400 

0.6897 0.3669 600 400 

0.6369 0.3660 600 400 



II 



▲gBr = HBr 
found. 



K rrur In 
HBr. 



0.6384 
06384 
0.6371 
0.6868 



0.8662 
0.8662 
0.8652 
0.8645 



120 
00 
90 
90 
90 



grm. 
0.8506 
0.8492 
0.8511 



grm. 
0.8665 
0.8659 
0.8667 



800 
800 
600 
600 



500 
500 
400 
400 



0.8488 0.3667 



0.8465 



105 

105 

90 

90 



0.8494 
0.8488 
0.8455 
0.8489 



0.8647 



0.8661 
0.8655 
0.8643 
0.8686 



grm. 
0.0002^ 
0.1 

0.000 
0.0012 
0.0008 



0.0001- 
0.0007- 
0.( 
0.0009- 



♦ See figure p. 12. 
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It is obvious that so far as the treatment in blank is 
concerned the degree of dilution had been reached at which 
no significant volatilization of the bromine takes place. We 
proceeded, therefore, to make the actual separation, the 
only change in conditions being the addition of 0.5 grm. of 
potassium iodide, which was especially prepared and used in 
solution as described in the paper to which reference has 
been made. The boiling was continued until red litmus 
paper, moistened and held in the escaping steam for a minute 
or two, showed no reaction for iodine. 

TABLE X. 



i 



10 
10 
10 



10 
10 



KL 



0.6 
0.6 
0.6 



0.6 
0.6 



VaNO, UMd In 
genermtor. 



gmu 
2 
2 
2 



1^(804), +HKO, 



gnn. 
2 
2 



6 
6 



KBr = HBr 



grm. 
0.6371 
0.6867 
9.6S66 



0.6S78 
0.6376 



gnn. 
0.3662 
0.8647 
0.8647 



0.8668 
0.8666 



om* 
600 
600 
600 



700 
700 



660 
660 



.a 



20 
80 
20 



76 
60 



AgBr = HBr 
found. 



gnn. 

0.8868 
0.8887 
0.8800 



0.8170 
0.8171 



gnn. 
0.8601 
0.8692 
0.8680 



0.8620 
0.8620 



Xn-or in 
HBr. 



grm. 
0.0061- 
0.0056- 
0.0067- 



0.0188- 
0.0186- 



In the comparison of the results of these experiments with 
those of Table IX, it is plain that, though the time of exposure 
to the boiling temperature is much shorter, the evolution of 
the iodine is attended by a not inconsiderable disappearance of 
bromine. This loss is greater in those tests in which the 
oxidation is produced by the combined action of nitric acid 
and the ferric salt. It is plain that in this form the method is 
useless. We tried next the effect of reducing the quantities 
of the reagents used by one-half, keeping the volume of the 
liquid the same, and, finding that the process, conducted 
otherwise exactly as described above, yielded under these 
new conditions 0.1825 grm. of hydrobromic acid instead of 
0.1827 grm. taken, we began a series of experiments designed 
to test the effect of varying the amounts of sulphuric acid 
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sulphuric acid upon sodium 
^ set the iodine free. 



tept unchanged. Table 

^xxts of this sort in which 

py the action of nitric acid 

aore given the results of 

S^nerated by the action of 

'^^ere passed into the liquid 




a. 



0.6614 \o.37«\SS 

\ 0.6610 \ 0.37^ lets 

\0.6614\o.a74B Ho 
\0.66O4\o.374ll$6S 
\0.660B\o.3744l6io 



AgBr = 
found. 



gmu 
0.8285 
0.8878 
0.8468 
0.8621 
a8564 



gnn. 
0.3670 
0.8610 
0.8647 
0.3672 
0.8686 



Error In 
HBr. 



gnn. 
0.0178- 
0.0136- 
0.0101- 
0.0060- 
0.0068- 



It is i^ ^^ ^ ^^ processes the loss of bromme dimin- 
ishes as tihe amo\mt oi sulpliiiric acid decreases. In the pres- 
ence oi 1^^^ ^^^ ^"^^ ierric sulphate the point is never 
reached, mthia tiie ^Umits of our experimentation, at which 
the eirox is brougYit ^thiu allowable boxmds. This mode of 
attemptiiig tihe separation of bromine and iodine we therefore 
abandoned. 

On the other liaud tlie mtxous acid process, fairly successful 

when the sulphuric acid present is restricted to 5 cm^ of the 

half and half acid (^or to 2.6 cm* of the strong acid), is estab- 

lished as trustworthy when the sulphuric acid present is held 

^thin the limits of 2 cm* to 4 cm* of the [1 : 1] mixture. 

The mean error of thirteen determinations in which the 

proportions last mentioned were preserved is 0, lying between 

extremes of 0.0008 gnn. - and 0.0007 gnn. +. When the 

quantity of sulphuric acid is still further diminished there 

appears to be a slight tendency to show an apparent excess of 

the bromide, due in all probability to the retention of a little 
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TABLE Xn. 










• 

r- 1 

•• 

em* 


KL 
grm. 


H 

ll 

grm. 


KBr — HBr 
taken 


3 S 

cm* 


final Tolnme. 


ll 

Ab*t 
80 


AgBr = HBr 
found. 


Srror in 
HBr. 


grm* 


gim. 


leM than 600. 


gnn. 


gnn. 


gnn. 


r^ 


0.6 


2 


0.6874 


0.3664 


600 








0.8460 


0.8646 


0.0009- 


6 


0.6 


2 


0.6376 


0.3655 


600 








0.8447 


0.3639 


0.0016- 


6 


0.6 


2 


0.6866 


0.8647 


600 








0.8478 


0.8651 


0.0004+ 


6 


0.6 


2 


0.6861 


0.8644 


650 








0.8461 


0.3646 


0.0001-f 


6 


0.6 


2 


0.6106 


0.8471 


650 








0.8070 


0.8478 


0.0007+ 


U 


0.6 


2 


0.5606 


0.8748 


650 








0.8646 


0.3726 


0.0018- 


(* 


0.6 


2 


0.6371 


0.8652 


660 








0.8466 


0.8647 


0.000^ 


\^ 


0.6 


2 


0.6377 


0.3656 


660 








0.8478 


0.3651 


0.0004- 


U 


0.6 


2 


0.6608 


0.3744 


660 








0.8676 


0.3737 


0.0007- 


f3 


0.6 


2 


0.6371 


0.3662 


650 








0.8459 


0.8644 


0.0008- 


3 


0.6 


2 


0.6366 


0.3647 


650 








0.8466 


0.8647 


0.0000 


8 


0.6 


2 


0.6368 


0.3649 


650 








0.8486 


0.3656 


0.0007+ 


8 


0.6 


2 


0.5364 


0.3646 


650 








0.8471 


0.8650 


0.0004+ 


U 


0.6 


2 


0.5606 


0.3742 


650 








0.8690 


0.3744 


0.0002f 


]8 


0.6 


2 


0.0676 


0.0391 


650 








0.0916 


0.0394 


0.0003+ 


0.6 


2 


0.0652 


00376 


650 








0.0888 


0.0380 


0.0006+ 


(2 


0.6 


2 


0.5866 


0.8647 


650 








0.8478 


0.8654 


0.0007+ 


?2 


0.6 


2 


0.6369 


0.8650 


650 








0.8472 


0.8661 


0.0001+ 


(2 


0.6 


2 


0.6616 


0.8747 


650 








0.8687 


0.8742 


0.0006- 


f 1 


0.6 


2 


0.6867 


0.3648 


650 








0.8494 


0.8660 


0.0012+ 


1 


0.6 


2 


0.6366 


0.3647 


650 








0.8490 


0.8658 


0.0011+ 


' 1 


0.6 


2 


0.5868 


0.3649 


650 








0.8492 


0.3659 


0.0010+ 




0.6 2 


0.5616 


0.8749 


650 








0.8768 


0.3776 


0.0027+ 



combined iodine in the solution. The best proportion for 
practical use is probably 3 cm^ of the half and half acid to 
an initial volume not less than 600 cm^ — the amount lying 
midway between the proportions with which divergences 
begin to be noted. 

Other test determinations were made along the same 
lines, excepting that, instead of generating the nitrous fumes 
outside the liquid under treatment, pure sodium nitrite 
was introduced directly into the solution. The nitrite was 
prepared free from halogens by adding to its solution a 
little silver nitrate, acidulating distinctly with nitric acid, and 
filtering off the littie silver chloride thus precipitated, together 
with a small amoxmt of silver nitrite thrown down at the same 
time. The strength of the solution thus prepared was deter- 
mined by acting upon a definite portion with ferrous sulphate 
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in excess and titrating the residual ferrous salt with potas- 
sium permanganate. The details of these experiments are 
given in Table XIII. 



TABLE Xm. 



3 
8 
8 
8 
8 
8 
8 



KI 



0.5 
0.6 
0.6 
0.6 
0.6 
0.5 
05 






gnn* 

0.86 
0.85 
0^ 
0.86 
0.85 
1.76 
1.76 



1 



grm. 

0.6606 
0.6618 
0.5618 
0.8006 
0.2769 
0.6618 
0.5510 



gim. 

0.8745 
0.8747 
0.8747 
0.2042 
0.1876 
0.8747 
0.8746 



31 
5| 



em* 

660 
660 
660 
660 
650 
660 
650 



Final 

▼olmne. 



cm', nerar be- 
low 600 cm'. 



ii 



Abt 
30 



AgBr = HBr 
found. 



grm. 

0.8680 
0.8694 
0.8699 
0.4746 
0.4868 
0.8705 
0.8707 



grm. 

0.8744 
0.3746 
0.8748 
0.2046 
0.1878 
0.8760 
0.3751 



Error In 
HBr, 



grm. 

0.0001- 
O.UOOl- 
0.0001-f 
0.0008+ 
0.0003+ 

o.ooa3+ 

0.0005+ 



The mean error of these seven determinations is 0.0002 
grm. +, lying between the extremes 0.0006 grm. + and 0.0001 
grm. — . In the first five of these determinations enough 
nitrite was employed to break up one and a half times the 
amount of iodide taken, if the action is supposed to go to the 
point of setting NO free. In the last two experiments, eight 
times the quantity of the nitrite theoretically thus called for 
was taken with no apparent change in the effect. 

That iodine may be removed with reasonable accuracy from 
mixtures of iodides and bromides without disturbing the bro- 
mine is evidently established; and, inasmuch as the propor- 
tion in which the ree^ents are taken in the corresponding 
process for the separation of chlorine from iodine lie far 
within the limits found appUcable to the bromine separation, 
it would be natural to suppose that in the presence of a 
chloride associated with the bromide the sum of the hydro- 
bromic and hydrochloric acids would be given with exact- 
ness under the conditions suitable for the estimation of the 
former. We deemed it best, however, to submit this point 
to the test of experiment. The result substantiates the 
presumption. 
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TABLE XIV. 



cm*. 
8 
8 



KI. 



grm. 
0.6 
0.5 



I 



gnn. 
0.86 
0.86 



grm. 
0.6617 
0.6611 



KOL 



grm. 
0.4081 
0.4060 






grm. 
1.8280 
1.8268 






grm. 
1.8262 
1.8268 



Error in 
■alt. 



grm. 
0.0018- 
0.001^ 



Krror 

oslculated 

mHBt. 



gnn. 
0.0008- 
0.0006- 



Krror 

oalonUted 

mHCL 



grm. 
0.0006- 
0.0004- 



It is plain, in conclusion, that of the two methods which we 
have studied, though both are applicable to the separation of 
chlorine from iodine, but one is utiUzable for the separation of 
bromine from iodine, and that under modified conditions. 
With the necessary modifications, howeyer, it. is good, and 
easily applied. It may be briefly summarized as follows: 
The neutral solution containing the bromide and iodide is 
diluted to 600 cm^ or 700 cm* (instead of 400 cm^ which was 
found to be a sufficient dilution in the case of the separation 
of chlorine from iodine), 1 cm* to 1.5 cm* of strong sulphuric 
acid, or, better, 2 cm* to 8 cm* of the mixture made by dilut- 
ing the acid with an equal volume of water (instead of 10 cm* 
of the 1 : 1 mixture employed in the chlorine separation), are 
added, a sufficient amount of pure sodium or potassium nitrite 
is introduced (or, if it is preferred, the gas generated by the 
action of dilute sulphuric acid upon the ordinary nitrite and 
introduced from the outside may be employed instead,) and 
the liquid is boiled, after trapping the flask as described, xmtil 
the color has vanished and the escaping steam no longer gives 
to red litmus paper the color characteristic of iodine. The 
residual liquid is treated with an excess of silver nitrate, and 
the precipitated bromide filtered off, dried, and weighed. The 
process of boiling need not extend beyond a half hour, or a 
little more, and care should be taken that the volume of the. 
liquid shall never be less than 500 cm*. We have not dealt 
with quantities of the potassium bromide and iodide larger 
than 0.5 grm. each, approximately. The presence of 0.5 .grm. 
of potassium chloride does not affect the sharpness of the 
separation. 



A RAPID METHOD FOR THE DETECTION OF 
IODINE, BROMINE, AND CHLORINE IN PRES- 
ENCE OF ONE ANOTHER. 

Br F. A. GOOCH ahd F. T. BBOOES.* 

The conditions nnder which iodine may be set free and sepa- 
rated qnantitatiyely from hydrochloric and hydrobromic acid by 
the action of nitrons acid upon the acidulated solutions of the 
haloid salts have been recently studied in this laboratory.! 
We have endeavored in the work which is here described to so 
modify the quantitatiye process that the same principles of 
action may be applied rapidly and easily to the qualitatiye 
detection of iodine, bromine, and chlorine, without decreasing 
to too great a degree the delicacy of the indications. It was 
found in the work referred to that when sulphuric acid is 
added to the aqueous solution of a soluble chloride, bromide, 
and iodide, with care to keep the proportion of acid within 
certain limits and the dilution of the liquid suflBcient, no very 
appreciable volatilization of bromine or chlorine takes place 
during the complete expulsion of the iodine by boiling. For 
the quantitative separation of the iodine of 0.5 gnn. of potassium 
iodide from a solution containing 0.5 gnn. of potassium bromide 
and 0.5 gim. of potassium chloride it was found best to use 
from 1 to 2 cm* of strong sulphuric acid, and to introduce into 
the solution, measuring approximately 700 cm' in volume, 0.5 
gnn. of potassium nitrite, or its equivalent in nitrous fumes. It 
is obvious that work upon this scale is undesirable in rapid 
qualitative testing. For such purpose it is not a matter of 
moment that a portion of the substances looked for escapes 

* From Am. Jour. Sci., zl, 2S3. 

t Am. Jour. Set, xxxix, 2^, and xl, 146. This Tolume, pp. 18, 87. 
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the reaction, provided enough is left to furnish the indication 
sought. We planned, therefore, to attempt the separation of 
iodine from bromine and chlorine by applying the reaction 
just mentioned to small amounts of liquid in test-tubes, in the 
hope that the known losses of chlorine and bromine under the 
conditions would be proportioned to the strength of the solu- 
tion, or, in other words, that when the amoxmts of bromine and 
chlorine were very small they would escape volatilization, or 
that when large a sufficiency would remain to give strong teste. 

The detection of the iodine is, of course, simple. We chose 
for this purpose the reaction with sulphuric acid and potassium 
nitrite. If the amoxmt of iodine present is laige it shows at once 
in this test, and the same portion may be treated further to sepa- 
rate the iodine. If the amount of iodine is small it may be 
foxmd, as usual, by shaking the liquid with chloroform or 
carbon disulphide or other appropriate solvent for iodine ; or, 
in this case also, the portion under test may be utilized, if it is 
desirable, for the separation of the iodine, and for the detection 
of this element recourse may be had to the exposure of red 
litmus paper to the fumes of the boiling solution according to 
methods prescribed in the work referred to above upon the 
quantitative separation of the iodine, — the paper taking on a 
gray-blue color when exposed to very minute traces of the 
vapor of iodine, and a proportionately deeper color as the 
amount of iodine increases. After the iodine is separated, bro- 
mine and chlorine are easily found if present. We selected as 
the most available method for detecting bromine the action of 
sodium hypochlorite upon the acid solution and shaking with the 
proper solvent. For the detection of chlorine we make use of 
a modification of the weU known chlorochromic anhydride test. 

As a preliminary step to the investigation of the reliability 
of our method of separating iodine from bromine, teste were 
made, for the purpose of securing definite pointe of compari- 
son, upon the degree of delicacy of the hypochlorous acid test 
for bromine. In these teste measured amounte of a solution of 
potassium bromide were drawn from a burette into test-tubes. 
To each portion were added a few drops of sulphuric acid, the 
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liquid wba diluted with distilled water to the level of a mark 
upon the tube indicating a volume of 10 cm', 0.5 cm' of 
chloroform, or of white carbon disulphide were introduced, and 
the whole was shaken after the addition of a drop of a dilute 
solution of sodium hypochlorite. The results of these tests are 
as follows : — 



ft 

1 



/ 



KBr 


Total 


Batioof KBr 


Color test 


Color teat In 


taken. 


▼olame. 


to total Tolume. 




carbon diaulphide. 


gtllL 


OStP 








0.0010 


10 




10000 


StrODg. 


... 


0.0005 


10 




20000 


Pronounced. 


... 


0.0004 


10 




; 26000 


Pronounced. 


Strong. 


0.0008 


10 




; 83000 


Faint. 


Pronounced. 


0.0002 


IQ 




: 50000 


Trace. 


Faint. 


0.0001 


10 




: 100000 


Doubtful 


Trace. 


0.0001 


10 




: 100000 


None. 


Trace. 


0.00007 


10 




: 140000 


• • • 


Doubtful. 


0.00007 


10 




: 140000 


... 


DoubtM. 


0.0004 


6 




: 12600 


Strong. 


... 


0.0003 


6 




: 16000 


Strong. 


. • • 


0.0002 


6 




: 25000 


Pronounced. 


... 


0.000 1 


6 




: 60000 


Trace. 


• . • 


0.00007 


6 




• 70000 


None. 


Faint. 


0.00008 


6 




140000 


... 


Doubtful. 



From these results it is plain, as Fresenius has pomted out, 
that clear white carbon disulphide is the more sensitive reagent, 
the delicacy of the test extending distinctly to one part in fifty 
thousand when chloroform is the solvent for bromine and to 
one part in one hxmdred thousand when carbon disulphide is 
employed. 

In the following series of tests the bromide was subjected to 
the same treatment which it must undergo were iodine actually 
present and expelled as we proposed. To the solution of the 
bromide in a test-tube were added a few drops of dilute sul- 
phuric acid and a few drops of a solution of potassium nitrite. 
The liquid was boiled, cooled, and treated with sodium hypo- 
chlorite as in the former tests, excepting that even after 
boiling for some time it was found to be necessary to introduce 
more of the hypochlorite than before to overcome the nitrous 
acid remaining in solution and to set free the bromine. 

4 
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KBr 


TMia 


Ratio of KBr 
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0.0005 
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20000 
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0.0004 


10 




: 26000 
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0.0008 


10 
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Faint. 
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; 60000 


Faint. 


0.0001 


10 




,100000 


DoubtfuL 


0.00007 


10 




: 140000 


None. 


0.00007 


6 




: 70000 


Trace. 



Eyidently the presence of nitrous acid and the treatment by 
boiling do not interfere seriously with the delicacy of the test. 
The experiments of the following series were made similarly, 
excepting that potaasium iodide ttos added in varying amount 
to the solution of the bromide. In these tests a spiral of 
platinum wire was introduced into the test-tube to prevent too 
violent ebullition, and at intervals during the boiling the nitrite 
was added in solution, drop by drop, until tiie iodine was 
entirely expelled, care being taken to add a little more sulphuric 
acid toward the end of the separation to ensure completeness 
of action. The colorlessness of the liquid in the test-tube 
after this treatment is a fair indication of the entire expulsion 
of iodine, but when large amounts of bromide are present free 
bromine will color the liquid. Salts of iron or other substances 
which possess color naturally interfere likewise. In such 
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0.00007 
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Trace. 
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0.00007 
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: 70000 


Trace. 
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cases, and indeed in all cases, the action of the escaping steam 
upon red litmus paper is decisive. In the experiments here 
iGCorded this test was applied to determine the absence of iodine 
from the liquid. The residue after the expulsion of the iodine 
was treated as usual with sodium hypochlorite and shaken 
with carbon disulphide. 

These results indicate obviously that although the bromine 
is volatilized to some extent with the iodine it is nevertheless 
the case that the proportionate amoxmt of bromine removed is 
dependent upon the absolute amount present, and that enough 
bromine always remains to permit correct inference as to the 
quantity originally present, the color test being more or less 
marked according as much or little bromide was in the solu- 
tion at the start. The delicacy of the test is a trifle less than 
that in which the bromide is alone present and not subjected 
to the treatment which we employ to remove iodine, but the 
detection of one part of potassium bromide in fifty thousand is 
certain, and that of one part in seventy thousand possible. It 
appears, furthermore, that the increase in the amoxmt of iodine 
present is without effect upon the sensitiveness of the test; 
for the bromine in 0.00007 grm. of potassium bromide was as 
easily found in the residue remaining after the expulsion of 
the iodine from 0.1 grm. of potassium iodide as in that left 
after the expulsion of the iodine from 0.0070 grm. of the same 
salt, and the indications in the experiments in which the ratio 
of the iodine to the bromine remained the same while the ab- 
solute amoimts of both varied are precisely the same as those 
of the experiments in which the maximum amount of iodine 
remained imchanged throughout the variations in the amount 
of bromide used. The maximum amount of potassium iodide 
employed in these tests was 0.1 grm., but there is no reason to 
suppose that this amount is not far below the maximum which 
\ may be successfully handled in this process. 

^ For the detection of chlorine we modified the well-known 

chlorochromic anhydride process so that the distillation may be 
performed in an ordinary test-tube. The ^substance to be tested 
is, if solid, placed in a large test-tube — ^15 cm.x2 cm. is a good 
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size — and treated with sulphurio acid and potassium dichro- 
mate in the manner to be described. The substance, if a liquid, 
is rendered alkaline, if necessary, by sodium carbonate and 
evaporated to dryness in the test-tube with care to remove all 
moisture from the sides of the tube. This operation is effected 
without trouble if the tube is inclined, as much as is possible 
without spilling the liquid, and agitated continually while the 
flame is applied to the higher parts. The evaporation effected, 
a little powdered potassiimi dichromate is introduced through 
a funnel with care to prevent its touching the upper parts of 
the tube, two or three cubic centimeters of strong sulphuric 
acid are added, and a trap consisting of a straight two-bulbed 
drying-tube cut off about an inch from the laige bulb is himg 
in the mouth of the test-tube, the precaution having been first 
taken to moisten the interior of the bulbs with water without 
wetting the wide, straight portion which hangs within the test- 
tube. If a chloride is present the evolution of chlorochromic 
anhydride begins as soon as this sulphuric acid touches the dry- 
salts in the bottom of the tube, and gentle heating, with a little 
agitation, quickly completes the evolution of the chlorine 
compoimd. It is the function of the moisture in the bulbs to 
decompose the fumes of the chlorochromic anhydride and to 
retain the chromic acid thus produced. When more than a 
mere trace of chlorine is present the yellow drops produced in 
the moistened bulbs are, in the absence of a bromide, sufficiently 
indicative of the presence of chlorine in the original substance, 
but the delicacy of this test is much increased by washing out 
the bulbs with a little distilled water and adding to the solu- 
tion, as Wiley recommends,* a few drops of a solution of lead 
acetate, which precipitates the yellow chromate or intensifies 
the color of the solution according to the amount of chromic 
acid acting. It often happens, when the temperature of the 
liquid in the test-tube rises a little higher than need be, that 
fumes of sulphuric acid pass into the bulbs to such an extent 
as to produce a white precipitate of lead sulphate when the 
lead acetate is subsequently added. In such cases the lead 

* Am. Chem. Jour., ii, 248. 



\ 



\ 



OF IODINE, BROMINE, AND CHLORINE. 



58 



\ 



sulphate is easily dissolved by the addition of a little amnionic 
acetate in saturated solution, and gentle heating, and on cool- 
ing the yellow chromate is either precipitated or simply colors 
the liquid. It is adyisable, however, as our experience proved, 
not to employ more of the ammonic acetate than the occasion 
requires, as it undoubtedly exerts some solvent action upon 
the lead chromate as well as upon the sulphate. 

We proceeded to test in the manner described the applica- 
bility of this process by first testing the action upon solutions 
of pure potassium chloride. 





nnalTohune. 
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0.0080 
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Marked precipitation.* 


0.0020 
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Marked precipitation. 


0.0010 
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Distinct precipitation. 
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Faint color. 


0.0008 
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0.0001 
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DoubtfuL 


1 0.0001 
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None. 


1 0.0001 


6 


None. 



It appears, therefore, that the chlorine in 0.0005 grm. of potas- 
sium chloride is found certainly, and that indications of chlo- 
rine in amounts of the chloride ranging as low as 0.0002 grm. 
are fairly evident in tests made upon the pure substance taken 
in solution, evaporated, and treated as described. 

The effect of submitting the solution of the chloride con- 
taining also a known amount of potassium iodide to the 
process previously described for liberating the iodine, of then 
neutralizmg the solution with sodium carbonate, evaporating 
to dryness, and treating with sulphuric acid and potassium 
dichromate, is shown in the following record. The potassium 
iodide used in these tests was prepared free from chlorine by 
the action of resublimed iodine upon iron wire and sub- 
sequent treatment with pure potassium carbonate. The 
nitrite was freed from chlorine by adding to its solution a 
little silver nitrate, faintly acidulating with nitric acid, and 
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filtering off the chloride precipitated with a small amount of 
the nitrite. 



KI taken. 


KOI taken. 


FlnalTolame. 


ReMtfon obtained. 


gim. 


gim. 


CSBr 




0.1 


0.0020 
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DUtioct precipitatioD. 
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Distinct color. 


0.1 


0.0006 
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Faiot color. 


0.1 


0.0004 
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Faint color. 


0.1 


0.0008 
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Faintest color. 


0.1 


0.0002 
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Faintest color. 


0.1 


0.0001 


6 


None. 



The distinctness of the color obtained in this process seems 
to be diminished a little by the process of liberating the iodine, 
but the lowest reach of the test is not very materially different 
from that made upon the pure chloride. In the following 
similar tests made with mixtures containing beside the chlo- 
ride potassium bromide alone, or the bromide as well as iodide, 
the phenomena observed were the same, excepting that the 
fumes of the bromine evolved when much bromide is present 
rise with the chlorochromio anhydride and, dissolving in the 
film of moisture in the trap, give to it their own characteristic 
color, and so obscure the effect of chromic acid. In these 
experiments, therefore, the washings of the bulbs were first 
rendered faintly ammoniacal and gently heated to destroy the 
free bromine, and then the solution was acidified with acetic 
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Marked precipitadon. 
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0.0006 


6 


Faint color. 
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Faint color. 
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None. 
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Distinct color. 
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Distinct color. 


0.1 


0.1 


0.0010 
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Distinct color. 
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acid and tested as described with lead acetate and ammonium 
acetate. 

The evolution of considerable amounts of bromine appears, 
therefore, to diminiah the delicacy of the test in some degree, 
but 0.0005 grm. of chlorine — the amount in 0.0010 grm. of 
potassium chloride — is indicated unmistakably in the presence 
of 0.1 grm. of potassium bromide, and 0.1 grm. of potassium 
iodide, and the test may probably be relied upon to show half 
that amount of chlorine. The potassium iodide, as already 
mentioned, was specially prepared for the work, and contained 
in the amounts which we used no recognizable trace of chlo- 
rine. The potassium bromide contained of chlorides enough 
to show an indication in 0.6 grm. of the salt. We were 
I unable to find the chlorine in 0.2 grm. of the salt, and so 

j considered it safe to employ half this latter amount in our 

I experiments as being sufficiently free from chlorine for the 

purpose. 

The process which we propose for the rapid qualitatiye 
detection of the halogens in presence of one another may 
be smnmarized briefly, as follows: 

To detect iodine, the solution of the substance under exami- 
nation is acidulated with dilute sulphuric acid and treated with 
a drop or two of a solution of sodium or potassium nitrite free 
from chlorine. Unless the amount present is small, the iodine 
shows itself in the color of the solution and in the vapors 
which escape. Small amounts may be found by shaking the 
liquid with carbon disulphide in the usual manner, or, when 
economy of material is desirable, by gently heating the 
prepared solutioii and testing the escaping fumes with red 
litmus paper, thus utilizing the same portion of material for 
the detection of the iodine and for its separation preparatory 
to testing for bromine and chlorine. 
\ To remove the iodine previous to making the tests for bro- 

mine and chlorine, a few drops of dilute sulphuric acid and a 
like amount of a dilute solution of sodium or potassium nitrite 
(prepared free from chlorine as described) are added to the 
solution of the substance in a test-tube, and the Uquid is 
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boiled with constant agitation. When the color of iodine 
disappears from the fumes and the solution, a drop or two 
more of sulphuric acid, and of the nitrite, are again added, 
and the boiling is repeated. When the escaping steam no 
longer gives to red uCs paper the characteristic gray-blue 
color due to the action of iodine, the process of separation is 
complete. 

A portion of the solution thus prepared is tested for bro- 
mine by cautiously adding a dilute solution of sodium hypo- 
chlorite and shaking with colorless carbon disulphide. 

The test for chlorine is made in a second portion of the 
solution from which the iodine has been removed. The liquid 
is neutralized with sodium carbonate or hydrate free from 
chlorine, evaporated to dryness in a test-tube and treated as 
described with sulphuric acid and potassium dichromate, the 
fumes of the chlorochromic anhydride which arise on gentle 
warming being condensed and converted to chromic acid by 
the film of moisture upon the interior walls of the trap. The 
trap is washed out with a very littie distilled water (5 cm' 
are enough), and the washings made slightiy ammoniacal to 
destroy free bromine, if necessary, and after gentle warming 
again acidified, are tested with lead acetate. If the yellow 
chromate is precipitated the presence of chlorine in the origi- 
nal substance is proved. If the precipitate is white, as is very 
likely to be the case, a few drops of a saturated solution of 
ammonium acetate are added with caution, and the whole is 
gently warmed to dissolve the white sulphate. On cooling 
the solution and shaking (or immediately if much chromic 
acid has been formed), the yellow chromate falls, or gives 
color to the solution according as the chloride was originally 
present in large or small amount. 

The process is rapid and sufficientiy exact for qualitative 
testing in general. 
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VI 

ANALYSIS OF RHODOCHROSIJE FROM 
FRANKLIN FURNACE, NEW JERSEY. 

Bt p. E. BROWNINa* 

The specimen of rhodochrosite, an analysis of which is here 
given, was collected for the Yale Museiun some two or three 
years since and was furnished to writer for examination by 
Professor E. S. Dana. It has a massive, cleavable structure 
and a bright pink color. Franklinite and vnllemite are im- 
mediately associated with it. The method of analysis was 
as follows: 

A portion of the mineral was dissolved in hydrochloric acid, 
evaporated to dryness to separate any silica present. The 
filtrate from silica was treated either with sodic acetate or 
ammonium hydrate, and the iron separated and weighed. 
After the separation of the iron, the zinc vms precipitated as 
sulphide by hydrogen sulphide in acetic acid solution. The 
filtrate from sulphide of zinc was treated with bromine water, 
by which method the manganese comes down as black oxide. 
In two determinations ammonia was used with the bromine 
water to bring about the same result. In all these cases the 
black oxide was dissolved and reprecipitated to avoid any 
holding back of lime. The black oxide in every case was dis- 
solved by sulphurous and hydrochloric acids, precipitated as 
phosphate and weighed after ignition as pyrophosphate accord- 
ing to the method of Gibbs. The amount of manganese being 
V la^, two direct determinations were also made by Ford's 

method, which consists in boiling the mineral, after separating 
the sUica, with strong nitric acid and potassium chlorate until 
green fumes cease to be given off. The black oxide is thus 

* From Am. Jour. Sci., zl, 876. 
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directly precipitated and may be treated as above by Gibbs's 
method. These results were satisfactory in their agreement. 
The filtrate from black oxide of manganese was evaporated to 
about 800 or 400 cm^ made ammoniacal, and calcium precipi- 
tated as oxalate, dissolved, and reprecipitated in same manner. 
The filtrate from both oxalate precipitations was evaporated 
(and in two cases the residue was ignited to free it from great 
excess of salts of anmionia) and precipitated as phosphate, dis- 
solved in hydrochloric acid and reprecipitated in same manner 
with ammonia and a little hydrodisodic phosphate, ignited, and 
weighed as pyrophosphate. Each element was determined at 
least three times. Five determinations of manganese were 
made. Two analyses of the mineral were carried through in 
platinum dishes to avoid any contamination by silica in glass 
or porcelain. The amount of iron in ferrous condition was 
determined by dissolving a portion of mineral in sulphuric 
acid and titrating with a standard solution of potassium per- 
manganate. Three determinations of carbon dioxide were 
made, taking 0.5 grm. portions, and a fourth in which 2 grm. 
were used agreed closely with the others. In these determi- 
nations the carbon dioxide was set free in suitable apparatus 
by the action of hydrochloric acid and heating, and weighed 
after absorption in potassium hydrate. The analysis is as 
follows: 

Specific gravity = 8.47. 

MnO 45.02 per cent. 

CaO 11.28 

ZnO 2.82 

MgO 1.76 

FeO 0.22 

Fe,0, 0.16 

SiO, 0.82 

CO, 88.94 

100.02 

The presence of silica suggested the possible presence of 
zinc silicate (ZutSiOi) as impurity; accordingly there was 
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deducted from the ZnO found enough to balance the silica, 
and the remaining constituents were calculated to one hundred 



I. 




o • - 


n. 


1 
1 


MnO . . 


45.55 per 


cent. 


MnCO, . . 


. 73.78 per cent 


CaO . . 


11.41 




CaCO, . . 


, 20.37 


ZnO . . 


1.48 




ZnCO, . . 


2.28 


MgO . . 


1.78 




MgCO.. , 


. 8.74 


FeO . . 


0.22 




FeCO, . 


. 0.85 


Fe,0, . . 


0.16 




Fe,0, . 


. 0.16 


CO, . . 


39.40 






100.68 



100.00 

The hypothetical composition of the mineral, calculating 
the bases as carbonates, is given under 11 above. It will be 
seen that the amount of acid (COs) required to supply the 
bases exceeds the amount found by 0.68 per cent. The ratio 
of Mn:Ca:Mg = 6.4:.44. 
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ON THE SO-CALLED PEROFSKITE FROM 
MAGNET COVE, ARKANSAS. 

Bt f. w. mab.* 

In 1877 it was snown by Knop,t that the supposed per- 
ofskite of the Kaiserstuhl, contained besides titanium a con- 
siderable amount (23 per cent) of niobium and tantalum, and he 
accordingly made it an independent species and named it very 
appropriately Dysanalyte. The analysis of the similar mineral 
from Magnet Cove, Arkansas, the results of which are given 
below, shows that it is also distinct from perof skite and is to 
be classed with dysanalyte. For the material for analysis I 
am indebted to the kindness of Professor E. S. Dana. 

The method of analysis was as follows : 0.600 grm. of the 
carefully selected mineral were placed with about 15 cm* of con- 
centrated sulphiu'ic acid in a platinum crucible of 160 cm* capa- 
city and, the whole being covered with a watch-glass that the 
progress of the decomposition might be easily observed, boiled 
for ten or fifteen minutes. The cooled product was poured 
into 600 or 700 cm* of cold water and allowed to stand over 
night or until the calcium sulphate was completely dissolved. 
A small residue was usually found and this was put through 
the same process. Any final residue is silica and sometimes 
a little tantalimi or niobiimi oxide. The former was deter- 
mined by evaporation with sulphuric and hydrofluoric acids 
and the remaining oxide was added to the main oxides. 

The solution of the mineral was then made slightly alkaline 
with ammonia and the precipitated earth filtered off. The 
lime was thrown out of the concentrated filtrate as oxalate 

* From Am. Jour. Sci., zl, 403. 
t Zeitschr. Eiyst., i, 281 
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and after evaporation and volatilization of ammonia salts, mag- 
nesia was determined in the residue. Alkalies should be found 
at this point if present. There were none. 

The weighed earths obtained as above were fused in sodiimi 
carbonate, enough sulphuric acid added to the mass to bring 
about a bisulphate fusion and then enough more to keep the 
whole in the liquid condition even when cold. After cooling, 
the mass was poured into 300 cm* of cold water containing 1 
gnn. of tartaric acid and after separating the iron, in alkaline 
solution, by hydric sulphide, the titanium, with which go 
the niobium and tantalxmi, were separated by the acetic acid 
process of Gooch.* The greater part of the manganese was 
separated by an ordinary acetate process and the acid oxides by 
the strong acetate process. On neutralizing the filtrate from 
this last with anmionia and boiling, only a trace of some earth 
was found, showing absence of alumina. The titaniimi was 
separated from the weighed oxides by Knop's chlorinating 
process, and finally the niobiimi was determined in the niixtiu*e 
of niobium and tantalxmi oxides by reduction in hydrochloric 
acid and titration with permanganate after T. B. Osbome.f 
Only a trace of titanium was f oimd in the niobium and tanta- 
lum oxides by the Osborne process with hydrogen peroxides, 
I and the titanium re^stimated by the same process gave practi- 

cally the same result as before. 

A portion of the oxides having been lost during the opera- 
tion, having gone, as it appeared, with the manganese used to 
decompose the tartaric acid, another portion of mineral was 
treated in the same manner as far as this point, and the tartaric 
acid was destroyed by evaporation in platinum and ignition. 
No aluminum having been found, the titaniimi, tantalum and 
niobium oxides were separated by boiling with dilute sulphuric 
acid. By evaporation of this filtrate a quantity of earths was 
\ obtained. To this was added another portion separated by 

t \ ammonia from the filtrate (in the same portion of mineral) 

te ! after separation of lime, evaporation and ignition and solution 

• Proc. Amer. Acad. Arts and Sci., N. S., xii, 436. 
t Am. Jour. Sci., xxx, 829. 
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in hydrochloric acid, and before the precipitation of the mag- 
nesia by microcosmic salt. The combined earths were pre- 
cipitated in a slightly acid solution by oxalic acid in order to 
separate from any uranium, the cerium and yttrium groups 
separated by the sodium sulphate process and each precipitated 
again as oxalate and weighed as oxide. As appears, the main 
portion of the rarer earths belongs to the yttrium group. 

An attempt was made to take the atomic weight, but the 
result obtained, 190, is probably too high, the color showing 
that part of the sulphate was changed to a basic salt. This, 
however, with the color of the oxides, a reddish-brown, and the 
&ct that the solutions do not yield an absorption spectrum, 
suggests that a chief portion of the earth is terlnum oxide. 

The result of the analysis is as follows : 



CaO 
MgO 
FeO 

FejO, 

[Yt. Er, TrljOg 
;Ce, La, DiJaOg 

TiO- 
SiOt 



Specific gravity = 4.18. 



Molao. 
mklo. 



QUDtlT. 



I 



88.12 -f- 
0.74 -h 

6.66 
6.42 
0.10 
4.88 
6.08 
44.12 
0.06 

90.68 



66 = .693 ) 
60 = .018( 



160 = .086 
428 = .012 
328 =.008 
268 = .016 
444 = .011 
82 = .688 
60 = .001 



.611 or 28 X 2 1.22 



.060or 2X6 .800^ 



.027 or 1 X 10 .270 ^ ~ ^ 



= 4 

1.62 or 3 
= 1 



.689 or 20 X 4 2.166 



/ 2.48 or 6 
) = 7 
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VL^: in the first instance, ixx tiie action of sulnhuric acid 
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noon solutions contammg a. ^ex^ large amount of potassium 

chloride with hyd^f^^^^ ^^^^ in excess. In the course of 

five or ten minut^ *^^ I«^ecipitate liad completely settled and 

was found to be i^ * oistinotly crystalline condition and much 

naraet thaa the t^^^ ionxx of precipitated barium sulphate. 

^M^tlie time Vt ^'^^ ^lioixglrb that the cause of this rapid 

W Aeace ^^ ^^ ^Ik^aiine salt present, and, accordingly, a 

SUbSlcx^ ewenx^®^^ "^^^ xnade, in which potassium, sodium 

^Xl^ft oxiiuxa laydroxiAes ^were added in varying amounte to 

and. ®^°7qo cm* ot '^^te^* liydrochloric acid added to more than 

atoo^xt ^^ ^^^ ^ iDLCasiired amount), 0.5 grm. of barium 

acioity \ ^oj^ced, and. precipitation brought about by adding 

cbloTV , Y^^^» acid. Sometimes these precipitates settled 

^^^^ but as otten came down in the &miliar milky con- 

^^^ lAtet, anotlier series of experiments, in which the 

• "From Am. Jour. ScL, xU, 288. 
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different conditions were more carefully regulated, was made 
thus : in 400 cm^ of water were dissolved 0.5 gnn. of barium 
chloride, 10 cm' of strong hydrochloric acid, and amounts of 
the alkaline chlorides varying from 5 grms. to 0.05 gnn., the 
whole being precipitated with 10 cm' of a solution of sulphuric 
acid made by diluting the concentrated acid with three parts 
of water. These precipitates all settled rapidly, and the varia- 
tion in the amounts of alkali seemed to exert no very marked 
influence. Finally, these experiments seeming to point to 
hydrochloric acid as the influential factor, a series of experi- 
ments was made to test the effect of varying the amount of 
this acid. From a solution containing in 400 cm' 0.5 grm. of 
barium chloride and amounte of hydrochloric a«id varying 
from 1 cm' to 50 cm', the barium was thrown out by means of 
10 cm' of dilute sulphuric acid. This series showed that the 
hydrochloric acid had a very marked effect upon the precipi- 
tation of the barium sulphate. When only one or two cubic 
centimeters of hydrochloric acid were present, the precipitate 
appeared immediately, in a milky condition, and settled 
slowly; as the amount of acid was increased, a point was 
soon reached where the precipitate was not so quickly appar- 
ent, but settled out much more quickly and in a coarser con- 
dition. With 10 cm' to 15 cm' of strong hydrochloric acid in 
the solution, the precipitate settled clear in ten or twelve 
minutes and was in excellent condition for filtration. When 
the solution contained 50 cm' of the acid, the precipitate set- 
tled clear in five minutes. Upon adding the sulphuric acid to 
such very acid solutions, no precipitate shows for a moment, 
but then it separates in beautiful crystalline condition and 
falls almost immediately. It can be safely filtered with or 
without pressure in ten minutes. In one instance, in the 
course of the experiments just detailed, 2 grms. of barium 
chloride were precipitated in the presence of 30 cm' of 
hydrochloric acid, the precipitate was allowed to settle clear, 
and was then filtered and washed, the whole operation being 
completed in seven minutes. This rapid subsidence of the 
precipitate is seen in hot solutions only — 75® C. being the 
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cipitation was brought aboat by adding 10 cm' of the dilute 
sulphuric acid. The precipitates were filtered, after standing 
about ten miuiites, upon asbestos felte in perforated platumm 
crucibles. 

The resulte of these deteiminations indicate plainly a loss of 
barium sulphate, but inasmuch as the felte nsed had been 
made very thin and it had been subsequently observed that a 
small quantity of the sulphate could be collected in one of the 
filtrates of the series by giving a circular motion to the water, 
it was thought that the thinness of t^e felte might offer an 
explanation of the loss and of the varying resulte of the series. 
The following series was, therefore, made in exactly the same 
manner except that care was taken to have the felte carefully 
made and reasonably thick. 





B.a^o 


B.«0,fo<n.d. 


».. 
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0.6011 
0333,1 
0.6003 
OJMHft 


0.4785 
0.8122 
0.4773 
0.4814 


O.OCIM- 
0.0006- 
0.0004- 
0.0004- 



These resulte are uniform and indicate a trifling loss only ; 
though in the filtrates of these experiments, also, a very 
slight, but, as it proved upon refiltering, uuweighable amount 
of the sulphate could be collected. The precipiteto in the last 
of these experimente was filtered off almost immediately after 
precipitation, and before it had completely subsided. In an- 
other case the whole operation, including the three weighings 
necessary was conducted to a finish in forty-five minutes. 

In spite of the appearance of the trifling deposit in the 
filtrate, the deficiency in barium sulphate in these determi- 
nations was not greater than should be expected from the 
accepted solubility of that salt in water. To ascertain tha 
effect of strongly acid solutions upon the solubility of barium 
stdphate the following determinationB were made. 

In experiment (11) the same amounte of the sulphuric and. 
hydrochloric acids, 10 cm' and 15 cm' respectively, were used 
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BbC1«2H,0 


Ba804 found. 


Tbne in mfauttM 
between preoipltap 
tion «Dd flltrmtion. 


Brot. 


(H) 
(16) 

(16) . 

^(17) 
(18) 
(19) 
(20) 
(21) 
(22) 


grm. 
0.0030 
0.0060 

0.0060 

0.0060 
0.0060 
0.0100 
0.0100 
0.0100 
0.0100 


grm. 
0.0024 
0.0046 
j 0.0028 
10.0048 
0.0081 
0.0040 
0.0078 
0.0086 
0.0088 
0.0087 


120 

160 

6 

60 

6 

10 

10 

16 

80 

60 


0.0004- 
0.0002- 
0.0026- 
0.0006- 
0.0016- 
0.0007- 

aoon- 

0.0016- 
0.0012- 
0.0007- 



From these lesults it would appear that the precipitatioii, 
in the presence of hydrochloric acid to the amount indicated, 
does not take place so rapidly when the amount of the barium 
salt is small, but that two or three hours are sufficient for 
reasonably complete separation of the precipitate in any case. 

In all the experiments described above there was no attempt 
at a gradual admixture of the reagents but they were measured 
out and at once added to the solutions, the whole being well 
stirred. From the results obtained, it appears to be estab- 
lished, as regards the usual precautions in precipitating barium 
by means of sulphuric acid, that, contrary to former usage, it 
is highly advantageous to have the solution strongly acid with 
hydrochloric acid ; that it is not necessary to add the reagents 
drop by drop, but that the whole quantity required to complete 
the reaction may be added at once ; that ordinary quantities of 
barium salts, in presence of a considerable excess of sulphuric 
and hydrochloric acids, are precipitated completely and at 
once, but that when only a few milligrams are present, the 
precipitate requires more time to separate under the same con- 
ditions. Two or three hours are, however, sufficient, and in 
no case is the excessive time of twelve hours required. 

In the light of the feet demonstrated in the preceding 
account, that hydrochloric acid may be introduced freely, and 
without detriment to the quantitative exactness of the precipi- 
tation of barium in the form of sulphate from pure solutions, 
it seemed desirable to look somewhat into the question as to 
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Irem the result* it w plain tlxat, -whuteTet may be the effect 



nf didestang ^^ -^f ^~ P^»<ii-pVta.te in hydrochloric acid, the 
MeSceo* thifl »cid "^ large e:sLcesa during precipitation in the 
presence of alkftli*^ s».Lts, d.oes not prevent contamination of 
aie precipitate. ^-""^ _coTitra.Ty, the greatest contamination 
-56219 to have oco™^****- *^ th.oae cases in which the acid was 
^nt to the licgf''^ degree, bxit, in view of the alight varia- 
H^in contBnB»**^°^. ^* ^^^mpared witJi the great differences 
■ *V Mttowttt o^ acid employed, it does not appear probable 
"^ V inoicaafi °^ **^^* lias -very much to do with the amount 
^tajjonfttioo- 
jOM*""^^ aeein™^ to d© o. matter of some interest in this 
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Lo acid and reprecipitation by water, 
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midertakeiu The barium sulphate, precipitated from solutions 
containing 5 grm. of potassium chloride and 10 cm^ of hydro- 
chloric acid, was collected upon a filter, either paper or asbestos, 
and, after burning the paper pr removing the precipitate from 
the asbestos (by tapping the crucible which held it and brush- 
ing out with a camel's-hair brush), was dissolved by warming 
with concentrated sulphuric acid in a large porcelain crucible 
and, after cooling, poured into water containing 15 cm' to 20 
cm' of hydrochloric acid. The water into which the solutions 
in strong acid were poured was warmed with a view to diminish 
the milldness of the precipitate, but care must be taken to 
keep the temperature below 60^ C. to avoid danger of spatter- 
ing on the addition of the sulphuric acid. In the last two of 
the experiments recorded a large amount of ammonium chlo- 
ride was added to the water into which the solutions in acid 
were poured, but this appears to have been without influence 
upon the purification or the character of the precipitation. 
The precipitates, after settling clear, were filtered upon asbestos, 
ignited and weighed, the original felts being employed in those 
cases in which asbestos was used in the first instance. Those 
marked with an asterisk were gathered in the first filtration 
upon paper, the paper being burned in the crucible in which 
solution of the precipitate was subsequently effected. The 
remainder were filtered originally upon asbestos. 
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These results show, evidently, that this process of purifica- 
tion is not satisfactory. It is possible that the losses observed 
may have been mechanical, and due to the violent action of 
the strong acid upon the water, but the excess in weight which 
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'nieseresuVts*^ P^^^^'^y good and satisfactory so far as con- 
the rajn^**^**"^ *** ^^® salt, but, when the operation is 
W^ ctei ui ^^ mannfiT xiescribed, several houra are needed 
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"^* , iv,^ avamTation. 

a Hempel evaporating burner • the 
safely, and with but littie care, in 
ir. The following determinationa 
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were made exactly like those of the last series, with the excep- 
tioa that the evaporatioii was effected by means of the Hempel 
apparatus. 
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Thoi^h not an absolutely perfect process, the purification 
of borioin sulphate by this method of solution and evaporatioQ 
is evidently better, by far, than the old method of solution and 
reprecipitation by dilution. 
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ANTIMONY ANI> X'X'^ r-^^^^a^TNATION OP 
OF OXII> A ^^^ ^^^r>ITION 
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^antimony m its ^^ fTcJTZ^ ^ *^* oxidation by Weller,t 
^^ ^^ T.'^Z^K^^^ ^olMtion, coUecte it in lie 
aigtaiate a^^ /ffZ^aTv. ^^^■^^^uaietricaUy, calculates from 
the amount of it ^°T^^^^ ^^taxnonic salt which sets it free 
^rfing to the equatxoi. 

SbCl. + 2II-X = Slooi^ + 2HC1 + I-I. 

The advantage ot ^8 vix^ xesidue, rather than the distil- 

late, in analytic^ processea in general which involve distil- 
lation ifl 80 obvi^^^ ^ ^^ ^^oxvstarain us to seek conditions under 
which Bxmsen^B xeactioxi xnaiy y^^ applied in such a manner that 
the antimony sb^^ t-eld. ajiid. estdmated directly in the residue. 
The ireneial P^^ 'work, ^w^cts laid down in a similar process 
ViATa.\ei ^ ^^ iaDora.toiry for the reduction of arsenic acid.} 
rdinft to ^^ pif^ocess tlie arsenic to be reduced is taken in 
Acco^^^ oi ftpP~P^^i«^'te dilution, and treated with sulphuric 
* ^ . adl^^ amoTxnt; and an excess of potassium iodide. 
^ VqvuA tbx^ pxepaxed. is boiled to a definite degree of con- 
VTAtion ^® iodine tlien remaining unexpelled, if any, is 

Xc^«A^? ^* ^"""^ ^'^^^ "^^'^''' *** ^"""^ (centinonnal) 

• Tiom Am- 'o'"- ®^^' *^' ^^*- 
* Ana. Cbem- ^lAeWg), ccxUi, 246. 
t Gooct wi Biomdng. Am. Jonr. ScL, zl, 66. TW« yolome, p. SO. 
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sulphurous acid, and the liquid is immediately diluted and 
neutralized. After cooling, the reduced arsenic is titrated by 
standard iodine in presence of starch. 

We foimd in preliminary experimentation that the same 
general plan of treatment is available in the handling of anti- 
monic compounds, but it is necessary to take precautions to 
prevent the deposition of the antimony from solution upon the 
addition of the sulphuric acid. Tartaric acid accomplishes this 
effect satisfactorily and does not, as the result proved, intro- 
duce undesirable complications. It transpired also that the 
dilution of the solution at which the crystalline iodide or 
oxy-iodide separates out during the boiling is greater than is the 
case when similar amoimts of arsenic are dealt with. It 
appeared, for example, that concentration to 45 cm' was 
sufficient to cause crystallization and slight sublimation when 
the amount of antLmonious oxide present (with excess of 
potassium iodide and 10 cm' of sulphuric acid, 1 : 1) was 
approximately 0.2 grm. Otherwise the process as employed 
in the reduction of arsenic appeared to be applicable to the 
similar treatment of antimony. 

The following quantitative experiments were undertaken to 
discover the condition of concentration best suited to the 
reduction of antimonic salts imder circumstances otherwise 
like those adapted to the reduction of arsenic, and to test the 
perfection of the process. Definite amounts of tartar emetic, 
purified by recrystallization, were used to make the antimonic 
salt to be afterward reduced, the antimony being raised to the 
highest degree of oxidation by titration with standard iodine 
after the addition of sodium tartrate (to prevent the precipita- 
tion of the antimony during the process of oxidation) and 
hydrogen sodium carbonate in the usual excess. In this 
process starch was sometimes employed to give the end reac- 
tion, and sometimes reliance was placed upon the appearance 
of the color of free iodine, experience having indicated that 
the use of the starch is not essential when tiie solutions are 
sufficientiy small in volume, though as a matter of course, 
the correction demanded for the excess of iodine necessary to 
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^^^ antimony after its 
tliiis the imperfection 
er in the reduction or 
^^^^asiued immediately by 
^"t icniine employed in the 
ing the iodine appears 
o€ Fresenius's demonstrar 
of antimony yields too 
^^ tartar emetic, when the 
^^^e \isual manner and, as is 
8tarch*blue is taken for 
I>r«monitory and somewhat 



the — ^ i4 4. 

indefinite leddiB^ ^^ 

Theteger amotmts ox ta^xt^^ exxxetic weie weighed out dry ; 

the smaller quai^^^^» ^^^ s^oxxred by measuring out definite 

portions of a sol^^^^ ^^ v^^^ strength. To every portion was 

added, in an ^^^^^J^V^^^^^^ oi 800 cm« capacity, 1 gram 

of tartaric acid P ^^^^ "treated, -with an excess of hydrogen 

sodium caiboiiat^vf*!^ ^ ^"xidation was effected, as described, 

by iodine dissol^^ ™_Pota.B^xiin iodide to a solution approxi- 

mateW decinoti^^. *^ oyur graxas of tartaric acid were added, 

and dilute sx^V^^^ ^*^xd., if the solution still remained alka- 

Y to i»iot a^^^*y- ^J^ addition 10 cm^ of a mixture of 

^ , • ^» ^yjv^d a^ "^^ter in equal parts were introduced, and 

gVUV^ ^^ boiled a»fter introducing a platinum spiral to 

^^ Tit buxnpi^& aiid a tarap made of a two-bulb drying tube 

V^ , ^^ jujji bvmg) large end downward, in the mouth of the 

xT V to prevent mecbauical loss.t -A.t the chosen degree of 

^^^Atitration, determined by marks upon the flask, the boiling 

^ fttoT)pe3U ^^ eoloT bleached by the cautious addition of 

^^\ \vaions aeli (approximately centinormal), and the solution, 

• Qoant. Anal., 6te AufL, 817. f See figure, p. 12. 
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nearly neutralized with sodinm hydrate, made alkaline by 
hydrogen sodium carbonate added in an excess amounting to 
about 20 cm' of the saturated solution, was titrated with the 
standard (decinonnal) iodine after the addition of* a fresh 
portion of starch. 

Table I contains the account of experiments in which the 
laigei amounts of antimony were employed. 
TABLE L 
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The results of these experiments indicate unmistakably that 
complete reduction may be brought about luider the conditions, 
but that concentration to a volume of from 45 cm' to 65 cm* 
during the boiling is not only advantf^oua but neceHsary. 
The mean error of the determination in which the final rolume 
fell within these limits was zero between limits of 0.0009 grm. 
— , or 0.0006 grm. -|-. In both determinations in which a final 
volume of 45 cm* was reached, and in one of t^ experiments 
in which the final volume was 60 cm*, the formation of the 
ciystalline antimonious iodide or ozylodide in the liquid was 
noted, and the depositiou of a very alight sublimate of the 
same salt in the trap. It is evident, therefore, that it would 
be hazardous to attempt to push the concentration further. 
In all these experiments hydriodic acid was present in amount 
equivalent to 1.1 grm. of potassium iodide — 0.5 grm. intro- 
duced as iodine and 0.6 grm. introduced as such in the stand- 
ard iodine where it plays the part of solvent. 
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These results show that for the smaller amounts of antimony 
the reduction was completed only by pushing the degree of 
concentration somewhat lower than was found to be necessary 
in treating the larger amounts. The only point in which 
these experiments differ essentially from those of the previous 
series is in the quantity of the iodine solution employed to 
effect this oxidation. So &r as concerns the free iodine itself, 
the conditions are similar in both series ; for the iodine is con- 
verted in both cases to hydriodic acid exactly equivalent in 
amount to the antimony acted upon. The potassium iodide 
which is added in the iodine solution produces by action upon 
the sulphuric acid present an excess of hydriodic acid, which 
is, of course, dependent upon the absolute amount of the 
iodine solution employed. The hydriodic acid is the active 
agent in the reduction of the antimony, and to the greater 
mass-action in the former series of experiments might be 
attributed the moie complete leduction for equal degiees of 
concentration. Accordingly the determinations of Table III 
were made to put this point to the test. In these experiments 
the conditions were identical with those of the detenninations 
of Table n, excepting that in every case 1 gnn. of potassium 
iodide was added to the liquid before boiling, thus bringing 
the total amount of hydriodic acid present to an equality with 
that present in the experimente of Table I, in which the larger 
amounte of antimony were treated. The resulte of these 
experimente bear out completely the hypothesis concerning 
the mass-action of the hydriodic acid — the smaller amounte of 
antimony being completely reduced in the presence of the 
large excess of hydriodic acid even at a final volume of 60 cm' 
witii a maximum error of 0.0002 grm.— • 

TABLE m. 
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It is plain therefore that we have in the phenomena described 
the basis of a good method for the iodometric determination 
of the condition of oxidation of antimony ; for, the amount of 
antimonious salt present in a mixture of antimonious and anti- 
monic salts may be determined by direct titration in alkaline 
solution, and the total amount of antimony present is given 
similarly after the treatment by boiling, as described, with 
potassium iodide and sulphuric acid, the amoimt of antimonio 
salt being immediately calculable &om the difference between 
the quantities of the standard iodine used as the oxidizer before 
and after reduction. The best method of proceeding appears 
to be that in which the concentration was restricted so that 
tlie point of sublimation and crystallization was not reached 
and in which the presence of an excess of potassium iodide 
was assured. 

It seemed desirable, in this connection, to test the applica- 
bility of the method, as outlined, to the reduction and estima- 
tion of antimony and lu^senio associated together, as so often 
happens in practice. The preceding experiments establish the 
feu^t that it is. undesirable to attempt, in treating antimony, to 
force the concentration of the solution below 50 cm^, under 
the conditions laid down and when the amount of antimony 
present is equivalent to the maximum with which we have 
experimented, about 0.2 grm. of antimonious oxide. In the 
parallel process for the determination of arsenic, concentration 
to 40 cm^ was recommended in all cases (the maximum amount 
treated being equivalent to about 0.88 grm. of arsenious 
oxide), but it was not shown in the elaboration of that process 
that reduction would not take place at a concentration not 
quite so extreme. In the results recorded in Table V, which 
relate to experiments which duplicate the conditions found 
most favorable to the reduction of varying amounts of anti- 
mony, — the presence of the equivalent of 1.1 grm. of potassium 
iodide, and concentration to 60 cm^ — and differ from these 
only in the &ct that arsenic was associated with antimony in 
every case, it appears that the reduction of arsenic may be 
efifocted simultaneously with that of the antimony. 
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It is plain that the error in tiiese results, whether reckoned 
as falling upon the antimonious oxide or opon the arseniouB 
oxide, is quite within the limits allowable in volumetrio deter- 
minations by means of decinormal solutions. One point, 
however, in the detennination of the combined amounts of 
antimony and arsenic by the method here proposed deserves 
special consideration. It has been shown in the work to which 
reference has been made that arsenic is reducible by the pro- 
cess outlined and determinable wit^ accuracy by titration with 
iodine standardized a^inst arsenious oxide. In this later 
work we show that antimony may be reduced fflmilarly and 
estimated satisfactorily by titration against iodine standardized 
against tartar emetic. These two methods of standardizing do 
not yield identical results, and so we are confronted with an 
inherent error in the process for estimating antimony and 
arsenic at once, which cannot be overcome unless the individ- 
ual amount of one or other constituent may be otherwise 
detennined. If the determination of either the arsenic or 
antimony is possible it is, of coarse, easy to calculate with the 
use of the appropriate standard the amount of the solution of 
iodine which is really engaged in the oxidation of this particu- 
lar constituent, and the remainder of the ioi^e actually em- 
ployed, gauged by the second standard, will give the corrected 
amount of the second constituent;. 

In case no such correction is feasible it becomes a matter of 
interest to note the m^nitude of possible error. Our experi- 
ence, based upon many determinations throughout the course 
of the work detailed above, pointed to a difference in the 
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A METHOD FOR THE ESTIMATION OF 
CHLORATES. 

Bt F. a. GOOCH *iro C. O. SMTTa* 

It has been shown in recent work in this kboratoryf that 
under conditiona properly controlled, arsenic acid in excess is 
capable of expelling the iodine from hjdriodic acid at the boil- 
ing tempeiatuie of the solution, being iteelf reduced corre- 
spondingly according to the equation 

H^O, + 2H-I = H^O, + H,0 + I-I. 
On cooling the liquid remaining after such treatment, and 
neutralizing, the arsenious oxide produced in the reaction may 
be reoxidized iodometrically in the usual manner, the iodine 
added to accomplish this purpose being the exact measure of 
the iodine originally present as hydiiodic acid and expelled 
from the acid solution during the process of boiling. 

If other BufBciently energetic and easily decomposable oxi- 
dizing agents are present at the same time with the arsenic 
acid, it would be natural to suppose that these substances will 
act similarly upon the hydriodic acid, and, furthermore, that 
the oxidizing power of the arsenic acid wiU not be called into 
play until that of the more unstable oxidizers has been ex- 
hausted. Chloric acid, for example, acts with great ease upon 
hydriodic acid, and it would be natural to suppose that in a 
mixture of chloric, hydriodic, and arsenic acids the mutual 
action of the chloric and hydriodic acids will be manifest first 
and will go on steadily to completion, and that when this effect 
is accomplished, and then only, the action of the arsenic acid, 
in liberating iodine from the residual hydriodic acid and in 

• E^m Am. Jour. 8ci. xUi, 220. 

t Gooch md Browning; Am. Jonr. S^, xzzlx, 18S. I1ii« Tolnme, p. I. 
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84 METHOD FOR THE ESTIMATION OF CHLORATES. 



lows : Portions of this solution were measured from a burette 
into Erlenmeyer beakers capable of holding 800 cm^ 2 gim., 
approximately^ of pure dihydrogen potassiiun arseniate were 
added in solution, 20 cm^ of a mixture of sulphiiric acid and 
water in equal volumes were introduced with enough water 
beside to increase the entire volume to a little more than 100 
cm^ A platinum spiral was introduced to secure quiet boiling, 
a trap made of a straight two-bulbed drying tube cut short 
was hung with the larger end in the neck of the flask,* and the 
liquid was boiled until the level had reached a mark upon the 
flask indicating a volume of 85 cm^, experience having shown 
that this degree of concentration is sufficient and that it is 
best not to exceed it. The liquid remaining was cooled and 
nearly neutralized by sodium hydrate, acid potassium carbonate 
was added to alkalinity, 20 cm' of a saturated solution of this 
salt were added in excess, and the arsenious oxide in solution 
was titrated by standardized decinormal iodine in presence 
of starch. The iodine added in the reoxidation of the 
arsenious oxide was taken as the exact equivalent of the 
iodine expeUed in boiling. Several closely agreeing deter- 
minations made in this manner served to fix the standard of 
the solution. 

The action of chloric acid under similar conditions was 
tested by following out exactly the process employed in stan- 
dardizing the iodide, with the exception that weighed amounts 
of potassium chlorate, purified by recrystallization, were alBO 
introduced and that the precaution was taken to have the 
potassium iodide present in every case to an amount at least 
eight and a half times as great as that of the potassium chlo- 
rate — this amount being a little more than the equivalent 
weight of the iodide referred to the chlorate. The experi- 
ments involved amounts of the chlorate ranging horn 0.2 
grm. to 0.01 grm., and quantities of the iodide varying &om 
eight and a half to fifty times those of the chlorate. The 
results with all essential details are contained in the following 
table: 

* See figure, p. 12. 
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ercoi of these detenninations is a little less than 



"TUe mean- 

O002 enn +. between extremeB of 0.0005 grm. + or 0.0005 
_l_i _ and the reaulta are evidently excellent for an iodo- 
^^tric 'p'^*'*^ "* whioh titration is effected by decinonnal 
aolutions. An excess of iodide over an amount a little in 
excess of the equivalent proportion is without effect. The 
process is rapid and easy. 

The paper upon the determination of iodine, to which refer- 
ence has been made and upon which this process ia based, pre- 
scribes corrections for the volatility of arsenious chloride and 
the slight deoxidation of arsenic acid when chlorides and 
bromides ate also present in considerable amount. In this 
wrocess, however, the amount of hydrochloric acid evolved 
from the maximum weight of chlorate treated — 0.2 grm. of 
tJie potassium salt — calls for a correction so small as to 
be infflgni^cant. 



A METHOD FOR THE SEPABATION OF AirTIMOiTY 
FROM ARSENIC BY THE 8IMULTAKEOU8 ACTION 
OF HYDROCHLORIC AND HYDRIODIC ACIDS. 

Bt F. a. GOOCE uid B. W. DANNEB.* 

A METHOD for Uie eepaiation of arsenic from antimony 
based upon tiie difference in volatility of the lower chlorides 
was introduced originally by Fischer.'!' This meUiod of treat- 
ment consisted in the reduction of the chlorides by means 
of ferrous chloride and the volatilization of the arsenic by 
repeated distillations of the mixture with hydrochloric acid 
of 20 per cent strength added in successive portions. The 
proccBB has been subsequently modified by Hufachmidt f by 
the substitution of gaseous hydrochloric acid, introduced in 
continuous current into the distilling mixture, for the aqueous 
acid, and later changed further and improved by Classen and 
Ludwig,§ who employ ferrous sulphate, or ammonio-ferrous 
sulphate, in place of the less eauly prepared ferrous chloride. 
In its latest form the method is exceedingly exact, but the 
conditions are such that the antimony in the residue must be 
determined gravimetrically. It has been our endeavor to so 
arrange the process that the determination of tiie antimony 
may be made by a rapid volumetric method, and tiiis we have 
attempted to accomplish by subetituting for tiie iron salt, 
which utterly precludes the direct volumetric estimation of 
the antimony, another reducer — hydriodic acid — which can 
interfere in no way with the subsequent determination of the 
antimony by the well known iodometrio method. 

• FMm Am. Jonr. ScL, zlii, 806. 

t Ann. Cbem. (Liebig), 208, 182. t Ber. DlKh. chem. Qm., xtU. S24S. 

j Ber. DUch. chem. Q««, xriii, 1110. 
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■ Gooch and BrowDing, Am. Jour. ScL, x1, 
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dihydrogen potassium arseniate and a gram of potassimn 
iodide were added in concentrated solution, the volume of 
liquid being made up to 100 cm* by the addition of strong 
hydrochloric acid^ A brisk current of hydrochloric acid gas 
was passed into the solution through the tube sealed into the 
glass stopper of the flask imtil complete saturation was 
effected, and then the liquid was heated and distilled in the 
continuous current of hydrochloric acid gas until the volume 
of 80 cm' was reached. Iodine was evolved as soon as the 
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liquid became warm and the greater part of it passed into the 
distillate with the first 10 cm^ When the final concentration 
was reached the solution was in each case colorless, but on 
cooling there appeared in one of the two experiments of this 
set a pale yellow tint which vanished with the dilution in- 
volved in the transfer and washing from the flask previous to 
titration. The addition of starch to the cooled and diluted 
liquid developed no color. To the liquid were added 1 grm. 
of tartaric acid, to keep the antimony in solution during sub- 
sequent treatment, sodium hydrate nearly to neutraUty, and 
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iodine in the diluted Kquid, though it must not be overlooked 
that the presence of a considerable amount of hydrochloric 
acid tends to impair the delicacy of the test. If, on the other 
hand, the color is not due altogether to free iodine it is diffi- 
cult to account for its development unless it is caused by the 
formation of antimonious iodide as the solution of strong hy- 
drochloric containing also hydriodic acid cools. On the whole, 
we are inclined to attribute at least a part of the apparent 
deficiency to the presence, at the time of neutralization, of a 
small amount of iodine chloride, which, in accordance with 
what is known of its modes of formation, might be formed by 
the oxidizing effect of the antimonic and arsenic oxides upon 
the mixed acids. At all events, it is evident that if iodine 
chloride were present we should expect to note the phenomena 
which we do see ; it would give, in small quantity, little or no 
color to the liquid, would not show the starch reaction for free 
iodine in the acid solution, and would be destroyed with the 
formation of hydrochloric and hydriodic acids by the addition 
of sulphurous acid to the still acid liquid, leaving the antimony 
unchanged and determinable iodometrically in alkaline solution 
after the exact oxidation of the excess of sulphurous acid by 
iodine in acid solution ; on the other hand it would act in alka- 
line solution like the tree halogens and tend to diTnim'Rh the 
antimony indicated by titration. Whatever the real cause or 
causes of the deficiency may be, it appears in the results of 
Table m that the treatment with sulphurous acid affects the 
indications favorably. The mean error of three closely agree- 
ing determinations is 0.0006 grm. — and this is plainly within 
the limits of allowable variation in iodometric work with 
decinormal solutions. 

It appears, therefore, that hydriodic acid may be made to 
serve satisfactorily as a substitute for the ferrous chloride of 
Fischer's original method, or for the ferrous sulphate of the 
modification of Classen and Ludwig, the determination of the 
residual antimony being perfectly practicable. The method of 
proceeding which we advocate is briefly smnmarized in the 
following statement: To the solution of the oxides of arsenic 
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THE DETECTION AND DETERMINATION OF 
POTASSIUM SPECTROSCOPICALLY. 

By F. a. GOOCH akd T. 8. HABT.« 

BuNSKN and Kirchhoff originally determined the delicacy of 
the Bpectroscopic test for potassium by exploding in a dark- 
ened room a mixture of potassium chlorate with nnillr sugar, 
and observing the amount of finely divided chloride which it 
was necessary to diffuse through the given space in order to 
bring out unmistakably the spectrum of the metaL These 
investigators were able to state that the presence of no more 
t^han TT^v of a milligram of the potassium salt is sufficient to 
give to the flame the characteristic spectrum of the element. 
By similar methods, the delicacy of the tests for lithium car- 
bonate and sodiimi chlorate were shown to be a thousand times 
and three thousand times as delicate respectively. Practically, 
the detection of lithium and sodium spectroscopically is ex- 
tremely easy and satisfactory, the only difficuliy being that the 
exceeding delicacy of the sodiimi test, and the ubiquitousness 
of sodiimi salts often make a decision doubtful as to whether 
that element is present essentially in the substance under 
examination, or by accident. With potassium the case is differ- 
ent, and experience shows that, when the test is to be made for 
very small amoimts of potassium, the simple method in vogue 
for developing the luminosity of lithium and sodium — the 
dipping of a single loop of platinum wire in the liquid or solid 
substance, and the placing of the loop in the Bunsen flame — 
&ils, because, as it seems to us, so great a proportion of the 
material is dispersed before the heat of the flame effects the 
dissociation of the metal which precedes the production of the 
spectrum. 

« From Am. Jour. 8ci.« xlii, 4i8. 
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the coQs are exposed, the haudlea resting upon a flat asbestos 
ling. The bnmeT which we have used m heating the coils 
Before the spectroscope is of the Muencke pattern and gives a 
powerful flame 8 cm. wide at its base. We hare genenUly 
adjusted the flame to a height of 20 cm., and have introduced 
the coil, after thorough dicing, just within the outer mantle, 
on the side nest the spectroscope, with the axis transveise to 
the slit of the spectroscope and the handle across the body of 
the flame. In cleaning the coils we have foimd it convenient 
to heat them in the flame of an Ai^and burner of the Fletcher 
pattern, beneath which is burned, in a small lamp, alcohol con- 
toning abont a twentieth of its volume of chloToform. The 
products of combusUon of the alcohol and chloroform are con- 
veyed to the interior of the flame above by a glass funnel 
fitted by a cork to the tube of the Argand burner. Thia 
armngement of apparatus ^ves a hot colorless flame through 
which hydrochloric acid is constantly diffused in condition to 
clean the wires completely and without attention. The spec- 
troscope which we have employed is a well-made single prism 
instrument provided with a scale, and a movable observing 
telescope so that difFerent portions of the spectrum may be 
viewed or cut off at wUL The slit is adjustable, but for meas- 
uring its width we have been obliged to have recourse to the 
device of closing it upon wires of known gauge. Our work 
has been done in the ordinaiy diffused light of the laboratory, 
care having been taken to cut off from the room direct sun- 
light only ; but in observing it has been our custom to shield 
the eye in use as completely as possible with the hand or with 
a dark handkerchief, and to cover the eye not in use. We 
have found it desirable to use the scale of the instrument, 
illuminated to the lowest degree of visibility, to aid the eye in 
placing barely visible lines. 

Upon experimenting with the a^taratus described, it was 
found that the largest coil used was best adapted to our pur- 
pose, and, accordingly, in all the experiments made subse- 
quently, and recoided in the following account, coils holding 
^ of a gram of water, measuring 2 mm. in diameter by 1 cm. 
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notassium line. The dilution of the potassium chloride was 
adjusted nearly to the last limit of visibility, so that a coil-full 
of the liquid should contain ^^ mg., or tt^to mg. of the ele- 
ment, according as the slit was 0.18 mm. or 0.23 mm. wide; 
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to this solution were added weighed amoonte of pare aodlmn 
chloride twice reprecijfltated and washed by hydrochloric acid ; 
and the spectroscopic tests were earned oct as before, the 
sodium line being kept within the field of view with the 
potassium line. 

It is obvious from these results that a consideiable amount 
of sodium may be present in the flame, when the sodium Una 
is in full view in the spectrum, and the slit adjusted to nearly 
the lowest limit of visibility of pure potassium, without inter- 
fering with the appearance of the potassium line, but that a 
quaotit; of sodium amounting to a hundred times that of the 
potasfflum is sufficient to entirely overpower the spectrum of 
the potassium. The inference is plun that the proportion of 
sodium to potassium should not be permitted to reach 100 ; 1 
when it is desirable to bring ont the full dehcacy of the speo 
troscopic test with the sodium line in the field of view. 
When too great a proportion of sodium is present, its influ- 
ence may be moderated by throwing the sodium line out of 
view, if the instrument in use possesses the necessary adjusts 
ment ; otherwise, it is easy to effect a partial separation of the 
sodium chloride from the potassiiun chloride, before bringing 
the solution to the test, by precipitatjng witli alcohoL Our 
experience shows that the delicacy of the test for potassium 
is not impaired materially by such treatment of the mixed 
chlorides. We fomid, for example, that 0.0070 grm. of potas- 
sium chloride mixed with 0.5 grm. of pure sodium chloride, 
dissolved in the least amount of water, and extracted carefully 
l^ about 7 cm* of absolute alcohol appHed in successive por- 
tions, was so completely retained in solution and separated 
from sodium, that a coil-full taken from the solution diluted 
to 140 cm' gave the spectroscopic test for potassium distinctly 
with the slit at 0.28 nun. In this case, at least, the treatment 
did not diminish the delicacy of the test; for, a coil-full of 
the diluted solution could not have contained more than tiAfit 
mg. of potassium, if nothing had been lost. It was found, in 
like manner, that, by taking pains to evaporate the alcoholio 
extract, and to dissolve the residue in a drop of water, 0.0001 
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spectral lines developed by exposure to the Bunsen flame of 
portions taken up in a platinum loop firom the testnsolutioii 
and standard solutions of different strengths. No analytical 
proofs of the value of the method were given and accuracy 
was not claimed beyond the recognition of differences of from 
three to four milligrams in a liter of liquid when amoimts not 
exceeding forty milligrams per liter were compared. Ballmann 
discards as valueless the observation of the duration of the 
spectral line, advocates the dilution of the test and standard 
solutions to the absolute extinction of the line and employs 
hollow cones, measuring 2.5 mm. by 8.5 mm., to carry the 
liquids to the flame. Bell follows Ballmann's method of diluting 
the solutions to be compared to a common condition, but 
takes the vanishing point of the line instead of the point of 
absolute invisibility and makes his loops of platinum very- 
small. Both Ballmann and Bell were able to estimate thallium 
similarly, but neither determined potassium. Bell declaring 
specifically that the method is inapplicable to the handling 
of that element. 

Our success in determining potassium qualitatively by the 
use of powerful flames and coils of large dimensions was such 
as to encourage the attempt to apply quantitatively the same 
method of manipulating ; and from certain preliminary experi- 
ments looking in this direction we found it best, for our pur- 
pose at least, to &11 back upon Truehot's method of comparing 
visible lines, rather than to try to fix the vanishing point or 
the point of extinction of the spectral line. We chose a dilu- 
tion of the standard solution which corresponds to the presence 
of -gisjs mg. of potassiiun to the coil-fuU, and set the slit at a 
width of 0.28 mm., having found it most advantageous to work 
with lines for comparison bright enough to be visible without 
much effort. Our mode of proceeding is to dilute the test- 
solution until the line given by the potassium contained in a 
coil-full is of the same brightness as that given by the same 
quantity of the standard solution. From the final volume of 
tiiie test-solution the quantity of potassium present in it is 
directly calculable; for, since any given volume of the test- 
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solution at its final dilution contains exactly the same amount 
of potassium as the same volimie of the standard solution, we 
have only to multiply the number expressing the volume in 
cubic centimeters of the test-solution by the weight in grams 
of the potassium contained in one cubic centimeter of the 
standard in order to obtain the weight in grams of potassium 
in the whole testnsolution. We found it convenient to use 
several coils adjusted to the same capacity, and to clean, fill, 
dry, and ignite them before the spectroscope in the manner 
previously described. From time to time the capacity of the 
coils should be readjusted, or else the final comparison tests 
should be made with a single coil. It is essential that the eye 
of the observer should be kept as nearly as possible in the same 
condition of sensitiveness and in the same position in making 
the comparisons, and to accomplish this end we found it best to 
hold the eye at the observing telescope during the entire inter- 
val between the exposures, to shade it carefully by the hand, 
or otherwise, to cover the eye not in use, to cut off all direct 
sunlight from the work-table (though the diffused light of the 
room is not objectionable), and to light the comparison scale of 
the spectroscope to the faintest possible visibility in order to 
fix exactly the position in which the line is to be sought. It 
is important, too, that the trials of the test and standard 
should come as closely together as possible in point of time. 
The observations of a series should be made by the same indi- 
vidual, the preparation and exposure of the wires being made 
by another. It is not possible to attain the best results in such 
work single-handed. The dilution of the test-solution is made 
conveniently, and with sufficient accuracy, in 100 cm' cylinders 
graduated to half cubic centimeters, the mixture being made 
thorough by passing the solution firom vessel to vessel. It is 
often advantageous to divide a liquid which is to be diluted 
and to work with aliquot portions, so that it may be possible to 
retrace a step without trouble in case a portion of the solution 
has been unwittingly diluted too much ; such a mode of pro- 
ceeding is, of course, necessaiy when the final dilution must 
exceed 100 cm^ unless large graduates are called into use. 
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Excepting tihe cases of very conceDtiated solutions, no signifi- 
cant loss of material is occasioned hj tiie filling of the coils, 
the error tiioB introduced being trivial in comparison witli that 
inherent in all photometric processes. The following is the 
recoid of our experience in the compaxison of solutionB of 
pure potasfflum chloride, the strength of the teet-eolution being 
unknown to tiie observer. 
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These results show a degree of accuracy in the process 
quite unexpected. In the former no attempt was made to 
approximate as closely aa possible to the limits of dilution on 
both sides of the condition of equal brightness in test and 
standard, bat in the latter great care was taken in this respect 
and the possible error cannot exceed two and a half per cent 
of the entire amount of potassium involved. 

Experiment III was made to discover the effect of liie 
presence of a reasonable amount of sodium chloride upon the 
determination of the potasdum. To a portion of the solution 
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of pnie potassium chloride containing 0.01 grm. of the ele 
was added 0.1 grm. of sodiom chloride taken from the 
purified as previously described. This solution was di] 
and the comparison made with the standard according tc 
accompanying account. 
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The result of this experiment was most surprising ; f oi 
stead of HiminiahiTig the delicacy of the test we find that 
presence of a moderate amount of sodium chloride tend 
Increase the brilliance of the potassium line. The soo 
chloride employed was a part of that prepared and teste 
previoiisly described end used in the eiperimenta upon 
quslitatlTe determination of potassium. By no possit 
could the 0.1 gim. of it taken in the experiment have 
tained mote than 0.000001 grm. of potassium. It is evic 
therefore, that the brilliance of tiie potasmnm line ga 
twenty per cent in strength by the influence of soc 
chloride amounting to ten times the weight of the potast 
present when the effect dne to impurity of the salt couli 
no means exceed a hundredth of one per cent ; that is to 
tiie observed effect is, at the very least two thousand t 
greater thao that which might have been conceivably 
dnced by contamination of the sodium salt. 
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In the foUowing ezpeiiment the effect of vaiying amounts 
of sodium chloride upon the apectrum of the potaasimn is 
shown. The sodium line was turned oat of the field of view 
to obviate the dazzling effect of the sodium light, and a solu- 
tion of potassium chloride containing 0.01 grm. of die element 
in 100 cm* was examined Bpectroscopically after t^e addition 
of successiTely increasing amounts of sodium chloride, the 
strength of ihe line observed being brought into comparison 
with that produced by similar portions of tiie potassium solu- 
tion contfunlng no sodium. 
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From this it appetiis that the mftTimum strengthening effect 
occurs when the sodium chloride stands to the potassium in 
the ratio of 100 : 1. The apparent diminution of brilliance 
when the sodium is increased beyond tiat proportion is doubt- 
less due to the effect of the stroi^ light diffused through the 
field of view by the intensely bright sodium fiame in spite of 
the &ct that the line itself is cut off from direct vision. 

The cause of the brightening effect of the sodium chloride 
we are inclined to attribute to the chemical action of the 
sodium dissociated in the fiame. The effect of ammonium 
chloride, and of hydrochloric acid, in destro3dng the potassium 
light is well known, and is due, presumably, in very large 
degree to the prevention of the dissociation of the potassium 
chloride. The dissociated sodium should naturally by its 
mass-aotioa reinforce the disintegrating action of the heat 
upon the molecule of potassium chloride. 
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It is pl^n that the complication introduced into the qnanti- 
tative spectroscopic determination of potassium by the pres- 
ence of the sodium salt in the test can be obviated if it can be 
brought about that both the test and the standard solution 
shall contain the same amount of that reagent. It is a matter 
of interest, therefore, to discover whether it is possible to 
match sodium lines of considerable intensity so closely that 
the quantities of that element in solutions brought into com- 
parison shall be practically equal, and so may be relied upon 
to give the same strengthening effect to the potassium spec- 
trum. The following statement is the record of an attempt 
in this direction. The narrower slit was found to be best 
adapted to the comparison of the sodium lines, 
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The result shows the possibility of matching the sodium 
lines with a degree of approximation sufficient for the purpose 
in view ; and, accordingly, a new standard solution was made 
containing 0.01 grm. of potassium taken in the form of the 
chloride and 0.1 grm. of sodium chloride in 100 cm^ and with 
this new standard the following determinations were made. 
The experiment was performed in three stages : first, the test- 
solution was diluted until its potassium line matched approxi- 
mately with that of the standard; secondly sodium chloride 
was added to the solution thus diluted until the sodiimi lines 
were brought to equality; and finally, the test-solution and 
the standard were again brought into comparison. 
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EXFERIMEKT IV. 
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The teat-ttolution haying been accidentally over^iluted, its strength waa 
increased by the addition of 0.0010 grm. of potassium and this amoimt waa 
added in the oomputation below to that originally in the test^olution. 

(109 X 0.0001 r= 0.0109) 
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From these resultB it is plain that the sodium in test and 
st&ndEbid may be matched closely enough to allow a fair «p- 
proximation to be made in the determination of the potassiom. 
In Experiments IV, V and VI, no readjustment of the per- 
centf^ of sodium in the final dilution, subsequent to the 
matching of the sodium lines, was attempted; in Experiment 
Vn this point was looked to, so that in this determination the 
strength of the sodium was kept equal to Uiat found in the 
matching process. In Experiments IV and VII, the matching 
of the sodium in the test^olution agfunst that in the standard 
proved to have been exact; in V, an excess of 10 per cent 
was added, and in VI, the point of equality was thought to 
have been reached while there was still a deficiency of 25 per 
cent in the sodium chloride of the test«olution. 

The error in the determination of the potassium in Experi- 
ment VI may, perhaps, be accounted for by the mistake in 
matching the sodium ; that of the first attempt in Experiment 
vn, we are disposed to attribute to lack of care in keeping 
the eye of the observer in the most sensitive condition, and of 
attention to the point of bringing the wires to the plane 
in quick succession. The largest absolute error met with 
amounted to one milligram in a total of fifteen. Though not 
accurate to the last degree when laige amounts of potassium are 
to be estimated, the method, we think, offers some advantage 
witiiout too great sacrifice of exactness in the determination 
of small amounts. In qualitative work the mode of manipulat- 
ing described is exceedingly satisfactory. Aside from the 
practical application of tiie method the point which has been 
of greatest interest to us is the development of the fact that 
the presence of sodium salts in the flame is of direct influence 
in strengthening the spectrum of potassium. 
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tro6cope failing to show in the product thus obtained any 
trace of intermixture of calcium and strontium salts, or the 
presence of any other appreciable impurity. In the determi- 
nation of the standards of these solutions definite amounts 
were drawn off from burettes into counterpoised beakers or 
crucibles (according as the method of determination was by 
precipitation or evaporation) and weighed as a check on the 
burette reading. The strontium nitrate in each portion was 
converted into the sulphate either by precipitation in the 
presence of alcohol, or by evaporating and igniting, these 
methods yielding results closely agreeing. The calcium was 
determined by evaporation with sulphuric acid. The first 
series of experiments was directed toward an investigation 
of the action of amyl alcohol upon strontium nitrate alone. 
Accordingly several amounts of the strontium salt were meas- 
ured from a burette into counterpoised Bohemian beakers of 
about 100 cm' capacity, and weighed. The water was then 
evaporated over a water bath, and the dry salts dissolved in 
a few drops of water and boiled with 80 cm' of amyl alcohol, 
that amount being determined upon for convenience. Care 
should be taken not to add more than the necessary amount 
of water to dissolve the salt, inasmuch as the presence of 
much water delays the process (it being necessary to expel 
all the water before the amyl alcohol can do its work) and 
tends to cause spattering due to the superheating of the 
water and consequent sudden generation of steam under the 
alcohol. It has been my experience that in the presence of 
a few drops of water the boiling goes on quietly, the water 
escaping easily through the amyl alcohol, so that in the 
course of a few minutes the alcohol reaches its normal boiling 
temperature (128^-130^0.). In order that the inflammable 
fumes of the alcohol might not reach the flame during the 
boiling the beaker was placed upon a piece of asbestos board 
about 15 cm. square. When the temperature of the alcohol 
reached its normal boiling point (128^-130^ C), as shown by 
a thermometer, the beaker was removed and the strontium 
nitrate filtered off upqn an asbestos felt in a perforated plati- 
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nmn cracible, the crucible and felt having been previously 
dried and weighed. 

The filtration was carried on under gentle pressure, the 
filtrate being received in a beaker standing under a bell jar 
upon a ground glass plate. The last traces of strontium 
nitrate were removed from the beaker by washing with small 
amounts of previously boiled amyl alcohol contained in a 
wash-bottle, the mouthpiece of which consisted of a small 
chloride of calcium tube passing through the stopper and 
drawn out and plugged at the lower end with cotton to ex- 
clude particles of the calcium salt from the alcohol. By this 
device the introduction of moisture into the amyl alcohol 
was guarded against. The crucible containing the strontium 
nitrate was placed in an air bath and heated to 150° C. to 
drive off all amyl alcohol, and weighed. A constant weight 
was obtained uniformly in one treatment. Series I contains 
tlie results of these experiments, the strontium being calcu- 
lated as oxide. 
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These results suggested a possible solubility of the stron- 
tium salt, and, accordingly, experiments were made to test 
this point. Amounts of strontium nitrate closely agreeing 
with tliose above were taken and treated in the same manner. 
The filtrates amounting, without the washings, to about 
25 cm^ were evaporated to dryness. The residue was ignited 
to bum off organic matter from the amyl alcohol, treated 
with sulphuric acid, heated to low redness, and weighed. In 
two cases the residue of strontium sulphate was found to con- 
tain of the oxide respectively 0.0009 grm. and 0.0010 grm. 
As will be seen, the solubility of the strontium nitrate aver- 
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ages about 0.0010 grm. of the oxide to SO cm< of amyl 
alcohol used. The exact extent of this solubility depends, 
of couise, upon the amount of amyl alcohol remaining after 
boiling ; and, aince the source of heat is removed as soon as 
the normal boiling temperature of the alcohol is reached, 
very little decrease in the volume of the previously boiled 
alcohol results. On measuring the amonnts of the alcohol 
remaining in several experiments I found them to approxi- 
mate closely to 25 cm*. It seemed justifiable, therefore, to 
add as a correction to the apparent amount of strontium 
oxide found 0.0010 grm. for every 25 cm* of amyl alcohol 
remaining, or for every 30 cm' originally taken. Experi- 
ments were also made to determine whether the strontium 
nitrate might have been at all broken down in the process of 
boiling and heating so that some strontium might be present 
in the final residue in the form of oxide or nitrite. In two 
of these experiments portions of strontium nitrate left by the 
treatment with amyl alcohol were dissolved, precipitated as 
the sulphate and weighed as such, and the results of these 
experiments (5) and (6) go to show that the composition 
of the strontium nitrate is not appreciably changed in the 
process of separation and drying. In certain other experi- 
ments directed to the same end, the residues of the process 
of separation were, after weighing and drying, treated with a 
drop of nitric acid, and again dried at 150° G. and weighed. 
These tests (7) and (8) confirm the indications of the pre- 
vious experiments. Finally a third experiment was made 
upon strontium nitrate dried at 150° C. to see what decom- 
position might result by heating to temperatures somewhat 
higher than ISO" C. — Ihe temperature at which the residues 
of the previous experiments had been dried. The result 
shows that the loss in the twenty-five degrees above 150" C. 
is exceedingly slight. 
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solve this question, at once, exactly and eatis&ctorily wiUi- 
out ditectmg attention too far from the main issue. More- 
over, the error introduced by this peculiar behavior of the 
calcium salt proved to be insignificant in its effects upon the 
quantitative determination of the calcium, and accordingly, 
it was disregarded in the subsequent tests. 

The next experiments vere directed toward a separation of 
strontium and calcium nitrates. Definite amounts of a solu- 
tion of strontium nitrate were measured from burettes into 
counterpoised beakers and we^hed, as already described, the 
calcium nitrate was then added in solution, and the weight 
taken agiun. The water was evaporated and the dry salts 
dissolved again in the least possible amount of water, and 
boiled witli amyl alcohol (80 cm') as before. The strontium 
salt was filtered oS into a perforated platinum crucible con- 
taining an asbestos felt, dried and weighed as previously 
described. The calcium was determined in the form of the 
sulphate, by evaporation of the alcohol, treatment with an 
excess of sulphuric acid, and ignition. 

Correction was made for the solul»lity of the strontium 
nitrat«, and its consequent presence with the calcium, by 
calculating the amount dissolved in tlie portion of amyl 
alcohol employed to the condition of sulphate and subtract- 
ing that quantity from the apparent amount of calcium sul- 
phate found. The results of this mode of proceeding are 
recorded in experiments (10) and (11). 
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After making the correction in the manner specified it is 
evident that the amount of strontium indicated is greater 
than tbat originally taken. It is apparent, therefore, that 
the strontium nitrate must have been contaminated, probably 
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The aven^ error in the determination of strontium in 
both seriefl is less than 0.0001 grm. + on the oxide; that 
of the calcium amounts to 0.0017 grm. — on the oxide in 
Series II, and to 0.0006 grm. — in Series III. 

In both processes the correction for the solubility of stron- 
tium nitrate in amyl alcohol, determined as previously de- 
Bcribed, was applied — 0.0020 grm. being added to the weight 
of the strontium oxide found after the doable treatment with 
amyl alcohol, and 0.0035 grm. being deducted from the 
apparent weight of the oalcium sulphate found before calcu- 
lating it to the form t^ the oxide. The latter of tbe two 
processes, which are identical so far as handling of the stron- 
tium is concerned, yields the better results in the determina- 
tion of the calcium, doubtless because a trifling amount of 
calciiun sulphate remains in solution in the final filtrate in 
the former process, while in the latter every trace should 
be recovered. Tbe deposition of minute traces of calcium in 
the precipitation of the strontium nitrate, to which reference 
has been previously made, is evidently a matter of no signifi- 
cance in comparison with the ordinary errors of manipulation. 

More recent work * has demonstrated tbe possibility of 

using very much smaller amounts of amyl alcohol in tbe 

boiling than the amounts formerly used (30 cm" for each 

• Am. Jour. 8d, jIit, 462. 
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a method foe the quintitativb separation 
of barium from calcium by the actiom 
of amtl alcohol on the nitfiates. 
bt p. e. browning.* 

Ths fact that strontium can be separated qnantitatiTely 
from calcium by boiling tbe nitrates Trith amyl alcohol, as I 
have recently shown, f naturally suggested a similar separa- 
tion of barium from calcium by the same general treatment. 
Solutions of specially purified barium and calcium nitrates 
were prepared and standardized, either by the evaporation or 
filtration of definite portions after treatment with sulphuric 
acid. The mean of several closely agreeing results, both by 
evaporatiou and filtration, was taken as the standard. The 
method followed was essentially the same as described in the 
method for the quantitative separation of strontium from cal- 
cium referred to above. The first series of experiments was 
directed toward an investigation of the action of amyl alcohol 
upon barium nitrate alone. Accordingly definite amounts of 
tbe barium salt were measured into Bohemian beakers of 
about 100 cm^ capacity and weighed. The water was then 
evaporated over a water batii, and the diy salte dissolved in 
a few drops of water and boiled with SO cm" of amyl alcohol, 
that amount being determined upon as convenient, until the 
normal boiling point of the alcohol was reached — 128° to 
180" C. During the boiling the beaker was placed upon a 
piece of asbestos board about 15 cm. square to keep the in- 
fiammable fumes of the alcohol from the flame. When the 
temperature of the alcohol reached its normal boiling point 

• From Am. Jour. 8cl., zUii, 814. 

t Am. Jour. Sd., zliU, 60. Tliii volmne, p. IW. 



118 SEPARATION OF BARIUM FROM CALCIUM 



SERIES m. 



Kxp. 


BtOtakan. 


BaOfoamd. 


Srror. 




OaO found. 


Bmv* 


(10) 
U) 
(12) 
(13) 
(14 

(16) 
16) 


gnn* 
0.1304 
0.1048 
0.1037 
0.0788 
0.0619 
0.0619 
0.0261 


gnn. 
0.1808 
0.1046 
0.1086 
0.0776 
0.0621 
0.0612 
0.0269 


gnn. 
0.0004 + 
0.0008 + 
0.0001- 
0.0007- 
0.0002 + 
0.0007- 
0.0002- 


gnn. 

0.0927 
0.0371 
0.0748 
0.0427 
0.0869 
0.0670 
0.0926 


gnn. 
0.0921 
0.0370 
0.0744 
0.0422 
0.0861 
0.0667 
0.0926 


gnn. 
0.0006- 
0.0001- 
0.0001 + 
0.0006- 
0.0008- 
0.0008- 
0.0000 



The next expenments were directed toward a separation of 
barium and calcium nitrates. Definite amounts of a solution 
of barium nitrate were measured from burettes into counter- 
poised beakers and weighed, as already described, the calcium 
nitrate was then added in solution and the weight taken again. 
The water was evaporated and the dry salts dissolved again 
in the least possible amount of water, and boiled as before 
with 80 cm^ of amyl alcohol. The barium salt was filtered 
off into a perforated platinum crucible containing an asbestos 
felt, dried and weighed as previously described. The calcium 
was determined in the filtrate, in the form of the sulphate, by 
evaporation of the alcohol, treatment with an excess of sul- 
phuric acid and ignition. Series 11 gives the results of this 
treatment. 

In Series III the effect of a double treatment with the alco- 
hol is recorded. In these experiments, after the first boiling, 
already described, the alcohol was decanted upon an asbestos 
felt, under the conditions previously mentioned, and collected 
in a beaker placed to receive it. The residue was then dried 
at a gentle heat over a radiator to remove amyl alcohol, dis- 
solved in a few drops of water, and this solution was treated 
with a drop of dilute nitric acid to assure the condition of 
nitrate, and evaporated to dryness. After dissolving in a few 
drops of water, 80 cm® of alcohol were added, and the boiling 
repeated. The residue was filtered off upon the felt through 
which the first portion had been decanted and washed with 
amyl alcohol, care being taken to remove all particles from the 
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taken in order that they may be compared more conveniently 
with the results of the previous series. 

In Experiments (21) and (26) 15 cm' of the alcohol were 
used in each boiling instead of the 80 cm' of the previous ex- 
periments, and thus the total amount of the corrections for 
the solubility of the strontium salt was reduced one-half. In 
Experiments (21), (28) and (25) the calcium was determined 
by precipitation with sulphuric acid, the precipitate being 
filtered off, ignited at low redness and weighed. 

The rapidity of execution and satisfactory character of the 
results of this method of separating barium from calcium 
seem to place it among good analytical methods. 



XV 

ON THE QUALITATIVE SEPARATION AND DETEC- 
TION OF STRONTIUM AND CALCIUM BY THE 
ACTION OP AMYL ALCOHOL ON THE NITRATES. 

Bt p. E. BROWNING.* 

Ik a recent paper f I have shown that stiontiiim and calcium 
may be separated quantitatiyely by boiling the nitrates of 
these elements with amyl alcohol and applying the corrections 
determined for the solubility of the strontium salt. The 
qusJitative separation, however, is somewhat vitiated by the 
deposition of a slight residue upon the bottom of the test-tube 
or beaker when calcium nitrate is boiled with amyl alcohoL 
While this deposit weighs but a few tenths of a milligram and 
is insignificant in its effect upon the interpretation of the 
quantitative results, it may easily be mistaken for strontium 
in the qualitative test imless tested spectroscopically. This 
residue when dried, dissolved in water and nitric acid, and 
again treated with amyl alcohol is not dissolved completely 
bat again separates out wholly or partially. The possibility 
of the formation of the calcium salt of an organic acid by the 
action of the nitric acid on the amyl alcohol (a point to which 
reference was made in the paper before mentioned), suggested 
the idea that ignition might so change the residue that it 
would not reappear upon a second boiling with the amyl 
alcohoL Experiment proved the truth of this presumption; 
for it was found that after getting the ignited residue into 
solution with water and a drop of dilute nitric acid, subse- 
quent boiling with amyl alcohol effected complete solution, as 
shown by experiments (1), (2), (8), (4) of Series I below. 

« From Am. Jour. ScL, zliii, 886. 

t Am. Jour. ScL, zliii, 60. This yolmne, p. 107. 
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In applying the method qualitatively, small amounte of the 
amyl alcohol may be conveniently used and the boiling carried 
on in a test-tube, care being taken to keep t^e inflammable 
fumes of the alcohol from the flame. Five cubic centimeters 
of the alcohol is a convenient amount to nse in each boiling 
and the error introduced by the solubility of the Btrootiuin 
salt is thus reduced to a minimum, the solubility in 80 cm' 
having been determined to be 0.001 grm. of the oxide. 
Experiments made to test the delicacy of the method as re- 
gards the detection of strontimn alone are recorded in Series I 
(5), (6), (7), (8), (9) ; and (10), (11), (12), (18) give the 
results of the treatment in the presence of both strontium and 
calcium. Into a test-tube is put the mixture of the nitrates 
of strontium and calcium not exceeding 0.2 grm., that being 
tiie limit of the solubility of calcium nitrate in 5 cm* of amyl 
alcohol. After dissolving in a few drops of water, 5 cm* of 
amyl alcohol are added and the boiling is carried on imtil the 
normal boiling point of the alcohol, 128-130° C, is reached. 
If strontium is present to the amount of 0.001 grm. of the 
oxide or more a very decided separation takes place. If the 
Miount IB smaller it cannot be readily distinguished from 
tt^e residual spots deposited on the bottom of the tube by the 
Sol I^- ^^ ■^'*® alcohol containing the calcium salt diB- 
an/ y^ ** decanted upon a diy filter paper in a diy fmmel 
absolu J ^^"® washed in the tube witb about 5 cm' of 
containin^^r^ a^coioJ, this also being filtered into the tube 
'ested fof ,■ *"-''^ ^oohol. The filtrate is reserved to be 
^ « calciuT^"^' "^^^ <*e reflid°«' if ao small that it may 
^^tino- th„ rf"*"^ * <iri«j ,r*.otly and finally ignited by 
/«- <C T/^T T^ ^^ ^ After cooling tie tube a 
"'■ ^^P-^tS aTI^ ^:^/;ii«ic «cid are added and the 
^4^':^.«W .^l^.^ ,,/^ series I sbow,any«.onnt 
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reeidQes from the secocd tieataneat in Series I (5) to (13) 
-were all dissolved in a few drops of water treated with a diop 
of hydrochloric acid and tested before the spectroscope, all 
giving distinct strontium lines but no trace of calcium. The 
calcium residues from the first boiling gave distinct calcium 
lines but no trace of strontium. 



bp. 


SrO 


•^sse- 


WC 


HooDd boUbic. 




fnn. 


gin. 










0.1 


True. 


None. 






02 


SUght. 


None. 








SllBht 












FMOterttnee. 




0.0008 




Flint true. 


Faint true. 




aoooB 




Flint trace. 


Fiinteit trace. 




0.0006 




Dittinct. 


Di«tinct 




0.0006 




Dtotlnct. 


Dietinct. 




0.0010 




Di»ttnct. 


DirtiDct. 




0.0010 


0.2 


DiltlDCt 


DittiDCt 




0.0006 


0.1 








O.O007 


0.1 










0.06 


DiltlDCt. 


Dietinct. 



rSS:^ 



0.0001 
0.00006 
0.0006 



Flint gnumlu dondlneei. 
Decided flockjt Bolting nuw 



Pliin 
Flint 
Decided 



The delicacy of the process in the detection of calcium is 
shown by the experiments of Series II. The method of treat- 
ment was the same as described above excepting that the 
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filtrates and washings after the first boiling were used for 
these tests. To these clear filtrates about 2 cm^ of dilute 
sulphurio acid were added, and in five minutes or less the 
results recorded were apparent. When strontium alone was 
taken either in large or small amounts, the result was uni- 
formly a faint cloudiness gathering after standing some time 
to a minute precipitate of a granular character. In the case 
of the calcium the detection could be carried easily to 0.0005 
grm. of the oxide, and satis&ctory results were obtained with 
0.0002 grm. The character of the precipitate in the case of 
calcium was, moreover, distinctive, it being in every case light 
and flocky, and collecting in floating masses. With the 
precautions noted very satis&ctory results can be obtained by 
this method, not the least advantage being the rapidity with 
which a determination can be made. It will be noticed that 
in some cases calcium and strontium are recorded as the 
nitrates and in others tabulated as oxides. When either stron- 
tium or calcium were used in large quantities the pure nitrate 
was weighed out directly; when very small amounts were 
used these were taken from the standardized solutions of the 
nitrates used in the quantitative work, the standards of which 
had been recorded in terms of the oxide. The strontium and 
calcium salts used in this work were specially purified by the 
methods detailed in my pifevious paper. 



XVI 

A METHOD FOR THE DETERMINATION OF 
BARIUM IN THE PRESENCE OF CALCIUM 
AND MAGNESIUM. 

Bt f. w. mab.« 

Thb recent mvestigation f by R Fieseniua of the ralae 
of the various methods which have been proposed for the 
separatioD of barium and calcium, shows that but two of 
the metliods tested by him are BufBciently accurate for good 
analytical work, and even with tliese it is necesaaiy to make 
two treatments in order to obtain a complete separation. 
The method here described may therefore be of interest and 
by reason of its rapidity and accuracy may prove valuable, 
although since the publication of tiie work of Freseniua 
another method { has been pnhlished from this laboratory 
which, in point of accuracy, leaves little to be desired. 

It has long been known that barium chloride is insoluble 
to a marked degree in concentrated hydrochloric acid, bat 
the difficulty of filtering off the strong aoid has in the past 
prevented the determination of the exact amount of this in- 
solubility, and for the same reason the reaction has not been 
available for quantitative use. Since the invention of the 
Gooch crucible, however, the treatment of such strong acid 
filtrates has become a matter of the greatest ease, and it 
seemed worth while to investigate the limits 
bility of barium chloride in the strong aoid ar 
whether the reaction might not be of use in th' 

• From Am. Jonr. 8cl., zliii, ^1. 
t ZeiUchr. uud. Chem., zxz, 695. 
t Browning : Aia. Jonr. Scl., xliii, 814 Ttat Tola 
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barium from calcium and magnesium, the chlorides of which 
are soluble in the strong acid. 

The barium chloride used in the following experiments 
was the pure crystallized chloride containing two molecules 
of water. The calcium salt was the pure fused chloride, and 
the magnesium salt was the pure crystallized magnesium 
chloride dried at 50° C. As the two latter were not deter- 
mined in the experiments it was not necessary to know the 
composition of the salts used as regards hygroscopic moisture. 
Attention was first given to determining the solubility of 
barium chloride in hydrochloric acid. 

SERIES A. 



SKf. 


BaO]a.2H|0. 


Water. 


HOL 


TMal 
flttnto. 


BaOlr 


LOM. 


(1) 

(7) 
(8) 


gnn. 
0.6024 
0.6084 
0.6099 
0.6038 
0.6047 
0.6066 
0.6008 
0.6011 
a6024 


on* 
6 
6 
2 
2 
2 
2 
2 
2 
2 


OBr 

20 
20 
26 
26 
26 
60 
60 
60 
76 


OBr 

... 
• • • 
... 

90 
62 

116 
76 
98 

128 


gnn. 
0.4241 
0.4304 
0.4820 
0.4261 
0.4247 
0.4267 
0.4218 
0.4220 
0.4246 


gnn. 
0.0041 
0.0090 
0.0027 
0.0089 
0.0066 
0.0060 
0.0061 
0.0061 
0X)087 



The experiments in Series A were made as follows : — The 
barium salt was weighed out, placed in a small beaker and 
dissolved in the amount of water indicated. The barium 
was then precipitated as the anhydrous chloride by adding, 
gradually at first, the amoimt of hydrochloric acid shown. 
After standing for five or ten minutes the precipitates were 
filtered off upon asbestos in Gooch crucibles, washed with 
concentrated hydrochloric acid, dried sometimes over a low 
flame (at about 150^-200^ C.) and sometimes in an air bath 
heated to 165^ C. and weighed. In several cases the total 
filtrate was measured and the volume is given in the tabu- 
lar statement. The results show a considerable solubility 
amoimting to about 1 part in 8000 under the conditions 
given. 
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SERIES B. 



■qk 


BaCl,.2H^. 


Water. 


HCL 


Tbtal 
flltntte. 


BuClg. 


LOM. 


(10) 

(11) 
(12) 

(18) 


gnn. 

0.5057 
0.5017 
0.5068 
0.5019 


2 
5 
8 
2 


OtOr 

26 

50 

60 

100 


76 

90 

100 

144 


gnn. 
0.4268 
0.4198 
0.4286 
0.4186 


gnn. 
0.0042 
0.0078 
0.0085 
0.0062 



The experiments in Series B were conducted similarly to 
those of Series A except that the precipitates were allowed 
to stand 24 hours before filtration. The loss due to solu- 
bility was, as is shown by the table, greater than before, due 
doubtless to the escape of hydrochloric acid gas horn the 
solution. 

Sbbibs C. 



■qk 


BttCl^,2E/>. 


Wstar. 


HOL 


Alcohol. 


BaOV 


LOM. 


(M) 
(16) 


gnn. 
0.5011 
0.5090 


on' 
8 
2 


on* 
26 
26 


15 
10 


gnn. 
0.4228 
0.4278 


gnn. 
0.0043 
0.0066 



The experiments of Series C were conducted in the same 
manner as those of Series A except that the amount of abso- 
lute alcohol indicated was added after the precipitation by 
hydrochloric acid. The results show that the alcohol neither 
decreased nor increased the amount of the solubility of the 
chloride. 

Sebdes D. 



Xxp. 


B.C1,.2E^. 


HOL 


BeClg. 


LOM. 


(W) 
J") 
(18) 

(19) 
(») 


0.5019 
0.5020 
0.5020 
0.5016 
0.5022 


em* 

50 

50 

50 

50 

60 


grm. 
0.42^9 
0.4257 
0.4255 
0.4259 
0.4267 


gnn* 
0.0029 
0.0022 
0.0024 
0.0017 
0.0014 



In the experiments of Series D the weighed barium chlo- 
ride was placed in an Erienmeyer beaker and dissolved in 
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four or five cubic centimeters of water. The indicated 
amount of acid was then added, and a stream of hydrochlorio 
acid gas was passed for two hours into the cooled mixture* 
The precipitates were then treated as in the former experi- 
ments. The results show that even in the strongest possible 
solution, at the ordinary temperature, of hydrochloric acid 
barium chloride is soluble to a considerable degree, this solu- 
bility amounting according to the first three experiments of 
the series to about one part in 20,000. In Exp. 18 and 19 
ten cubic centimeters of absolute ether were added to the 
solution before passing in the hydrochloric acid gas. The 
results showed that the ether seemed to decrease the solu- 
bUity of the barium salt, and therefore the experimente of 
the following series were undertaken. 

SERIES E. 



Sxp. 


BaO]a.2H,0. 


HCl. 


Bther. 


BaOla. 


LOM. 




g|Rll« 


em* 


em* 


gnn. 


gnn. 


(21) 


0.6008 


60 


10 


0.4267 


0.0002 


22 


0.6002 


60 


10 


0.4267 


0.0007 


28 


0.4099 


60 


10 


0.4262 


0.0009 
0.0003 


24) 


0.4909 


60 


10 


0.4268 


26) 


0.6003 


26 


26 


0.4269 


0.0006 


26) 


0.6002 


26 


6 


0.4262 


0.0002 


27) 


0.6099 


26 


6 


0.4844 


0.0003 


(28) 


0.6008 


26 


6 


0.4261 


0.0003 



The experiments of Series E were conducted as follows. 
The amount of barium salt specified was dissolved in the 
least, convenient, amount of hot water (about 2 cm^ and 
precipitation was brought about by adding the indicated 
amount of concentrated hydrochloric acid. The beaker con- 
taining the precipitate was then placed in cold water and the 
amount of ether shown in the tables was added and mixed 
with the solution by thorough stirring. After standing for 
five or ten minutes the precipitate was filtered off and washed 
with concentrated hydrochloric acid containing about ten 
per centum by volume of absolute ether and dried, sometimes 
in an air bat^ at 165^-175^ C. and at others over a radiator 



PRSSBNCE OF CALCIUM AND MAGNESIUM, 129 

giving a temperatnie of 175^-200** C. A constant weight 
WS8 mora quickly obtained by the latter method and it was 
naed exclasively in the experiments of the aatseqnent series. 
In uung it a low heat was used at first and the temperature 
was not increased until the precipitate was moderately diy. 
The rasolts show t^t harinm chloride is piaotioally insoluble 
in a mixtore of hydrochloric acid and ether containing about 
oae-«ixth by voltune of the latter. The average Bolnbility 
calculated irom the expenments given is one port in 122,000. 
The aotaal solubility is lees than this since do account was 
taken of the volmne of the washings which were at least 
equal to the original filtrates. 



»» 


B.Cl..aHA 


Ortv 


HOL 


^. 


BMn,. 


Ldn. 




■m. 


■TB. 


mH 


CBf 


flD. 


flD. 




0.6001 


o.e 


60 


10 


0.4360 


0.0018 




a4ow 


as 


60 


10 


04260 


0.0011 




0.6006 


0.6 


26 


26 


0.4260 


ooooe 




0.6002 


042 


2G 


6 


0.4258 


0.0004 




06001 


0.6 


26 


6 


0.4266 


OJMOB 




O600G 


0.6 


26 


6 


0.4261 


0,0016 




0.6001 


0.6 


26 


6 


0.4264 


0.0009 




0^001 


0.6 


26 


6 


0.42S8 






0.6003 


0.6 


26 


6 


0.4201 


0.0004 




ai002 


8.0 


26 


6 


00648 


OOOIO 




0.0107 


8.0 


26 


6 


oooao 


0.0006 




0.6100 


ft6 


26 




0J82S 


0.0020 



Series F was undertaken to test whether the mode of pre- 
oipitatu^ barium used in the [seoeding series would be of 
use in the separation of the barium from calcium. The 
experiments were condncted as in Series E, except that the 
calcium salt was dissolved with the barium chloride. It was 
necessary to use more water than in Series E to effect 
solution, but as the barium salt was uniformly the last to 
dissolve the effect was practically the same as before. The 
results show that mixtures of barium and calcium in all pro- 
portions are perfectly separated by this method, 0.010 grm. 
of barium chloride being separated with accuracy from S grm. 
of calcium chloride. The calcium does not show the slight- 
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\ 



est tendency to come down with the barium, and those 
experiments in which separation was effected by the use of 
25 cm' of hydrochloric acid and 5 cm' of ether gave rather 
better results than those in which double this volume was 
employed. It is better not to let the precipitations stand too 
long before filtration, even if kept cold, as the hydrochloric 
acid evaporates from the solutions, and experiments in which 
filtration was delayed for about two hours (e. g., Exps. 83, 
34, 85) show a rather larger loss than the average. That 
there is no advantage in increasing the amount of ether over 
the proportions used above is shown by Exp. 81, which is 
comparable with Exp. 25. In the case of Exp. 40, in which 
no ether was used, the result is comparable with the experi- 
ments of Series A. The precipitate was washed, however, 
with the mixture of hydrochloric acid and ether. 

SERIES O. 



Exp. 


BaOlfSH^O. 


MgCl« . 6H0,. 


HCL 


Ether. 


BaOV 


LOM. 




g|Rll« 


1 

gran. 


cm* 


OOA. 


grm. 


graa. 


(42) 


0.4900 


0.5 


26 


6 


0.4268 


0.0007 


0.6000 


0.6 


26 


6 


0.4267 


0.0006 


48) 
44) 


0.1002 


8.0 


26 


5 


0.0844 


0.0008 


0.0100 


8.0 


26 


5 


0.0077 


0.0008 



The experiments of Series G were made in exactly the 
same maimer as those of Series F, except that vaiying 
amounts of magnesium chloride were present instead of the 
calcium salt. The results are uniform and exact, and indi- 
cate that barium may be separated from magnesium when 
the two are present in any proportion. It is probable that if 
magnesium chloride were present in an amount larger than 
8 grm. in 80 cm' it would be necessary to make two treat- 
ments, as under those circumstances it shows a slight ten- 
dency to precipitate. The amount of mixed salts present 
should always, tlierefore, be kept below this limit. 

Becapitulatio'n. — Barium chloride is soluble to an extent 
not exceeding one part in 20,000 in pure concentrated hydro- 
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chloric acid, but the solubility increases very rapidly with 
the diminution in the strength of the acid. In concentrated 
hydrochloric acid containing ether it is soluble to an amount 
not exceeding one part in about 120,000. To utilize this 
fact for the separation of barium from calcium and magne- 
sium the chlorides of the earths are dissolved in the least 
possible amount of boiling water and precipitated by 25 cm^ 
of concentrated hydrochloric acid with the addition of 5 cm' 
of absolute etiier after cooling. The acid should be added 
drop by drop at first allowing the precipitate formed to redis- 
solve as long as possible, as the precipitate is thus obtained 
in a coaise ciystalline condition and filters very quickly and 
is less liable to include foreign matter. After standing a few 
minutes the precipitate is to be filtered in a Gooch crucible, 
washed with hydrochloric acid containing about 10 per cent 
of ether and dried at 150^-200** 0. The metiiod is accurate 
and rapid, and possesses the further advantage when a 
number of determinations are to be made that the precipitate 
may be dissolved off the felt by a littie water and, after 
ignition, the crucible and felt may be used again without 
reweighing. A felt upon which half a dozen precipitates 
were weighed did not change its weight to tiie extent of one- 
tenth of a milligram. The fumes of the strong acid cause no 
inconvenience if the filtration is performed in front of a good 
flue. A gas flame may be used in tiie flue without danger 
from the ether which seems to be firmly held by the hydro- 
chloric acid. A flame was used to increase the draught in 
all of the experiments given and with entire safety, even 
when the filtrate contained 50 per cent by volume of ether. 
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A METHOD FOR THE lODOMETRIC DETER- 
MINATION OF NITRATES. 

Bt F. a. GOOCH ahd H. W. OBUSNEB.* 

It has been shown by DeKoninck and Nihonl f that 
nitrates may be decomposed completely by the prolonged 
action of gaseous hydrochloric acid, and determined with 
accuracy by measuring the iodine set free when the products 
of decomposition, carefully kept from atmospheric contami- 
nation, act upon potassium iodide. These investigators 
recognized the difBculties attending the use of gaseous 
hydrochloric acid in analytical processes, and endeavored 
unsuccessfully to substitute the strong aqueous solution for 
the gaseous acid. The work to be described in the following 
account was performed in the search for a simpler method for 
the iodometric determination of nitrates. 

According to a process recently developed in this labora- 
tory, j: chloric acid may be determined with the greatest 
ease. It was shown that in the interaction of a chlorate 
with potassium iodide, arsenic acid, and sulphuric acid, in 
regulated quantities in aqueous solution and at the boiling 
temperature, the first action of the hydriodic acid set free 
from the iodide by the sulphuric acid is upon the chloric acid, 
and that not untU this action is completed lb the arsenic acid 
attacked and reduced with the simultaneous liberation of a 
corresponding amoimt of iodine. If the arsenic acid is taken 
in quantity sufficient to insure the final decomposition of the 
entire amount of iodide present, the arsenious acid found at 

* From Am. Jour. ScL, xUt, 117. 

t Zeitachr. angew. Chem., 1800, 477. 

I Oooch and Smith, Am. Jour. ScL, zlii, 220, thif yolnme, p. 88. 
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the end of the action is an exact measure of the amount of 
iodide which escaped the action of the chlorate; and, the 
quantity of iodide originally taken being known, the amount 
acted upon by the chlorate, and so the amount of the chlorate 
itself, becomes known. The arsenious acid is determinable 
with great accuracy iodometrically, and the chief advantage of 
the process lies in the fact that the titration is made upon the 
residue, and that, no collection of the distillate being neces- 
sary, the sole apparatus employed in the process proper is an 
Erlenmeyer beaker and a bulbed tube hung in its neck as a 
trap to prevent mechanical loss. 

This process we endeavored to apply to the determination 
of nitrates, but under none of the many variations of form and 
changes of conditions under which we tested it, were we able 
to secure complete decomposition of the nitrate without so 
increasing the strength of the sulphuric acid that it was acted 
upon by hydriodic acid with the consequent unregistered 
escape of products of decomposition. 

The endeavor to substitute a process essentiaUy similar in 
principle, in which hydrochloric and antimonic acids should 
replace the sulphuric and arsenic acids proved likewise 
unsuccessfuL 

Abandoning therefore all attempts to so arrange the process 
that the oxidizing action of the nitrate should be registered in 
the residue, search was made for a reagent which should be 
capable of inducing easy decomposition of nitrates (after the 
manner of ferrous salts in acid solution) and yet (tuilike 
ferrous salts) should be so readily restored to its primitive 
condition that the products of the oxidizing action of the 
nitrate should finally pass entirely to the distillate and be 
registered there. We have found the desired combination of 
qualities in manganous chloride dissolved to saturation in 
concentrated hydrochloric acid. This reagent is acted upon 
but slowly by nitrates at the ordinary temperature, but upon 
wanning the nitrate begins at once to decompose with the 
formation of a higher chloride of manganese and liberation 
of nitric oxide. Ultimately, if the heating is continued, the 
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Chlorine of the higher chlorides is evolved and manganous 
chloride remains. During the process of heating the color 
of the solution passes from the original characteristic green 
through darker shades to black and returns by the reverse 
changes to the original tint. The decomposition of the ni- 
trate extends under the conditions to the last traces, but the 
breaking up of the nitrates with the formation of the higher 
chloride, does not take place completely in the presence of 
water amounting to more than a third of the volume of the 
solution, and an action already established in strong acid is 
reversed by the addition of a large amount of water. Chlor- 
ates, peroxides, and other substances which liberate oxygen or 
chlorine when in contact with strong hydrochloric acid induce 
similar phenomena, but in the absence of such other substances 
the reaction serves to detect nitrates when present in fairly 
small amounts (perhaps one part in sixty thousand) as shown 
in the accompanying table : 



KKQ, 
teken. 


initroDgHuL 


Color 
deTdopod. 


grm. 
0.01000 
0.00600 
0.00100 
0.00060 
0.00026 
0.00016 
0.00006 
0.00000 


cm* 
10 
5 
5 
5 
5 
5 
5 
5 


Black. 
BUck. 

Dark brown. 
Dark green. 
Deepened tint. 
Deepened tint 
None. 
None. 



In the first attempts to apply this reaction to the quantita^- 
tive estimation of nitrates, 10 cm^ of the manganous mixture, 
the pure weighed nitrate, and an excess of potassium iodide 
were put in a tubulated retort fitted with a hollow ground 
stopper drawn out at both ends so as to serve for the 
introduction of carbon dioxide evolved in a Kipp's generator 
charged with marble and acid previously boiled. The neck 
of the retort passed through a rubber stopper nearly to the 
bottom of a side-neck Erlenmeyer flask, used as a receiver, 
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« »>eawjl%!rfi«" »™ joined by ^ „bber conn«»'' <^'»^' 
™K neS> tT^ t ''°™^ ihrovigli a. rvibber Btoppei »»* A^ -S- 
ttouth o/ Jl^- , '""°'° °* " 8i«fe-neck test tvi\» v' iff ^ 

«ce8» of th7 " contained hydrogen Bodimn oh\>»^*5 c 
"stort as it """"I"' needed to nentnlize Qia acii ^ . 
PotaaBiuia iJr\°"''' ^^ over, a conBideraYile q«ij»^ #^ 
■^"""l iodi^^'i"'"'" ^ &"».:> to aid in. diBS^\,tf^^-< 
in eioeMToftV ™s'»i°tm oxide in known amo^^^TV 

acid the fr_ ™' quantity necessary to oon-»o«; t„ \4 .^ 
">« PWUv «,, '?^'' svol-sred. Tlie second Bmajie, ^ '* 
™d l7drjj~~ r'^ » dilute solution oi potasanB*- ^>- 
ide TO8 ^?™ sodiuin carbonate. Tlieonrxont of caibC*^- 
°* "» retorT** ™m«Ua««ly upon introdvicLog the C*^ 
ening „£ ^"T ""^ tlie air -w^as safely remo-ire<3l Yjof ore t*»-^ 
*^'""8li th r *'™'' begins to appear very eoon, had 
nitric oxid ^ "l"^*^- Heat -was applied, and. tbe evol\^-* 
^afl eonti * "^^ later that of iodine began. Tbe di»A^ ' 
S'inally^ th*^^ '"''^ nearly all the liquid liad pas^J^'5 
tibat^' „ ^ contents of both receivers -%w-ere Uf, 7^^ 
*^^ exc„ Spinet decinormal iodixLO. Ttio differencQ^V/^ 
anioum - **' aiBenious oxide remaining nnoxidizQ^ fc^ 
'"iioe li^^^^iaUj present vr. 
"^Pon the *'*'**<1 and, acooTSia 



i'feiBte „,*"'<Mumption that 
^"afaon **ttatoly sir atoms 

^<^.i5;^e,o,%^ absorb 
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removed by it could not liberate iodine from an iodide in 
alkaline solution. 

The iodide was introduced into the retort because, having 
chosen to collect the halogen in alkaline solution, it became 
necessaiy to take steps to break up, before it should reach 
the receiver, all nitrosyl chloride, the formation of which our 
experience in fonner lines of work not here detailed had led 
us to expect under the circumstances. In acid solation 
containing an iodide, nitrosyl chloride liberates iodine and 
is registered; in alkaline solution it breaks up with the 
formation of a chloride and a nitrite, the latter having no 
immediate action upon the arsenite. The results of experi- 
ments made in this manner are recorded in the accompanying 
table. 

TABLE I. 



KKQ, 


Kite 
ntort. 


MhClt 
rnlztnn. 


KNO. 
fdimd. 


Irot* 


pm* 


pm* 


aofi 


gmia 


finis 


0.1086 


0.8 


10 


0.1009 


0.0027- 


0.1088 


0.8 


10 


0.1082 


0.0001- 


ai064 


0.8 


10 


0.1058 


0.0011- 


0.1068 


0.8 


10 


0.1088 


0.0085- 


0.0551 


0.8 


10 


0.0581 


0.0020- 



The experiments of Table 11 were carried out in a manner 
essentially similar to that of the experiments of Table I, 
excepting the single point that the iodine evolved in the 







TABLE 


n. 




END, 
teken. 


Kite 
Ntort. 


MhOla . 
mixture. 


KNO. 
found. 


Wttot* 


pm* 


gnn* 


on* 


H'lM. 


gm. 


0.2080 


1.6 


20 


0.2025 


0.0014- 


0.1060 


0.8 


10 


0.1085 


0.002(^ 


0.1086 


0.8 


10 


0.1016 


0.002O- 


0.1018 


0.8 


10 


0.1002 


0.0011- 


0.0521 


0.5 


10 


0.0521 


0.0000 


0.0285 


0.5 


5 


0.0227 


0.0008- 


0.0278 


0.5 


5 


0.0262 


0.0011- 


0.0186 


0.2 


5 


0.0182 


0.0004- 


0.0011 


0.2 


5 


0.0009 


0.0002- 
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p„<»8 0fd«»'«I»''^*»5'^°* *>lo nitrate was leoBived in potes- 
.toiodaeinBtead ot "^ "^alkaline aismite. The contents 
„1 the leceiyeis ■"""_ Vrt^**' »Md« alkaline with hydiogen 
atf jm oarbonato, tto^W ^yith an eioeas of deoinormal 
jiaama, acid, *^"^_,.~~, .wnojcidized aisenious acid was 
jjttn^ed by deovo-omaal loaiae. 

The. eitoia of ^*^^*? °* experiments, those of Table I 
ud those of T»ble "' "™ oonsMereble, aU Ue in the same 
ji^tion, and are u»aioatiYo ^j ^^ ^ registering of the 
^n of themtarato, Bmoo of the complete decomAtion of 
the nittate there can oe no reasonable doubt in view of the 



proved behavior of fclie majiganese salt toward small amounts 
of nitrates. To ua it aeexued probable that the explanalaon of 
these results was to bo Bought in the failure of the titration 
in alltaline solution to indicate completely all the final producto 
of the action of th^ nitrate. The formation, even in small 
amounts, of eompouxxcis of nitric oxide with iodine analogous to 
thoM vl^ ire kack^w to be formed with bromine and chlorine, 
or thei»rtaireoii<j.^ljoix o£ the nitrio oxides by the action of 
jQ^jiae mth the aici «^f .^patex:, an action which we recognize as 
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possible under certain conditions of dilution, would account 
satisfactorily for the deficiency in the results of titration 
effected in alkaline solution. Upon this presumption tJie 
simple and obvious modification of titrating in acid solution 
should correct the error. Accordingly in the following series 
of experiments the plan of collecting the halogen and titrat- 
ing in alkaline solution was abandoned, and since the addition 
of an iodide to the retort was no longer essential this practice 
was discontinued. The products of the action of the nitrate 
upon the manganese mixture — chlorine, nitric oxide and 
perhaps nitrosyl chloride, — were received diiectiy in potas- 
sium iodide, and the iodine set free was titrated by sodium 
thiosulphate, itself standardized against iodine of known 
value with respect to a standard solution of decinormal 
arsenious oxide. 

With the abandonment of the plan of putting the alkaline 
arsenite into the receiver the tendency of the iodine to pass 
onward to the second receiver is augmented and the possible 
action of the rubber stopper of the receiver becomes corre- 
spondingly dangerous. We modified the apparatus, therefore, 
so that only glass should occur where by any possibility 
rubber connections might act upon the free halogen. In place 
of the ordinaiy retort we adopted a form of apparatus made 
use of formerly by one of us in the quantitative distillation of 
boric acid under the action of methyl alcohol — a pipette bent 
and fitted as shown in the figure. To this apparatus was 
sealed a Varrentrapp and Will nitrogen bulb, the exit tube of 
which was drawn out so that it might be pushed well within 
the inlet tube of the second receiver — a Will and Varrentrapp 
absorption flask — and held in place by an outside rubber 
connector. The third receiver acts simply as a trap to ex- 
clude air from the absorption apparatus proper. In conducting , 
the experiment the receivers were charged with solutions of 
potassium iodide, the first containing three grams, the second 
one gram, and the third only a fraction of a gram for every 
tenth of a gram of nitrate used. The first receiver was kept 
cool during the process by immersion in water. The intro- 
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dnction oi the nitrate and manganous mixture following it 
was made easy and safe by applying gentle suction to the end 
of the absorption train. The current of carbon dioxide was 
started immediately after putting in the manganous mixture, 
and after a suitable time had elapsed for the removal of air 
heat was applied to the retort and the distillation was 
continued until nearly all the liquid had passed over. Finally 
the contents of the receivers were united, the washing of the 
bulbs was effected easily and expeditiously by passing the 
wash-water directly through retort and receiver (the introduc- 
tion of the manganese chloride into the distillate being not at 
all prejudicial to the accuracy of the titration), and the 
estimation of free iodine made by sodium thiosulphate as 
described. The results of the experiments conducted in this 
manner are given in Table HI. 

TABLE m. 



KNOs 

taken. 


XnOl. 
mizture. 


KNO. 
fonnd. 


Error 

intenncof 

KNO«. 


Brror 

intonmof 

HNO,. 


gnu* 


om* 


gnn. 


gm. 


gm. 


0.208S 


20 


0.2047 


0.0009+ 


0.0005+ 


0.206S 


20 


0.2057 


0.0004+ 


0.0008+ 


0.1032 


10 


0.1035 


0.0003+ 


0.0002+ 


0.1017 


10 


0.1004 


0.0018- 


0.0008- 


0.1049 


10 


0.1049 


0.0000 


0.0000 


0.1027 


10 


0.1023 


0.0004- 


0.0003- 


0.0624 


10 


0.0526 


0.0002+ 


0.0001+ 


0.0513 


10 


0.0512 


0.0001- 


0.0001- 


0.0354 


10 


0.0850 


0.0004- 


0.0003- 


0.0282 


10 


0.0230 


0.0002- 


0.0001- 


0.0107 


5 


0.0106 


0.0001- 


0.0001- 


0.0127 


6 


0.0180 


0.0008+ 


0.0002+ 


0.0145 


5 


0.0143 


0.0002- 


0.0001- 


0.0053 


5 


0.0052 


0.0001- 


0.0001- 


0.0043 


5 


0.0047 


0.0004+ 


o.oooa+ 


0.0014 


6 


0.0018 


0.0004+ 


0.0003+ 


0.0000 


6 


0.0000 


0.0000 


0.0000 



These results are fairly satisfactory. The mean error of 
the entire series is practically nothing. The manipulation is 
easy and rapid. 

In brief^ the process which gives us these results consists in 
the distillation of the mixture of the nitrate with a saturated 
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solution of ciystallized manganons chloride in strong hydro- 
chloric acid in an atmosphere of carbon dioxide, the passage 
of the products of action into potassium iodide, and the 
titration of the liberated iodine by sodium thiosulphate. It 
is important to take precautions to prevent the contact of the 
free halogen with rubber stoppers or connectors, and any 
apparatus, suitable for ordinary quantitative distillation and 
absorption, which meets this condition will probably answer 
the requirements of the process. Our own preference is for 
the apparatus described and figured. 

The titration should be completed as soon as may be after 
admitting air to the distillate in order that traces of dissolved 
nitric oxide may not be reoxidized and again react upon the 
iodide present to liberate more iodine. 
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SOME COKVENIENT FORMS OP LABORATORY 
APPARATUS. 

Bt F. a. OOOCK" 

Surette Clip. — A simple and effectiTe device to replace the 
Erdmaim float (which has well-known disadvantages) tn get- 
ting exact burette readings is made by cutting thin springy 
brass, or copper, or other metal to the form of a letter H, 
shaping it as shown in Fig. 3 so that it will cling to a burette 
witJi the cross-bar vertical, and fastening to the 
cross-bar a fold of white paper ruled lonptudi- 
nally with a heavy, sharply defined, dark line. 
The clip may be made to hold firmly to any 
burette, while capable of easy upward and down- 
ward motion, and is readily removable and re- 
placeable when it becomes necessary to pass the 
point of aapport of the burette. The refractiTe 
action of the meniscus upon the dark line upon 
the white background acte just as in the enam- 
elled burettes ^^ch have recently come into 
use, and serves to define exactly the level of 
the liquid. Errors of parallax in observing are 
easily avcnded by placing the eye in such posi- 
tion before reading that the front segment of 
the circle nearly completed by the edge of the 
upper ring falls into coincidence in perspective 
with the hack s^;ment as shown in the fignre. 

Apparatus Support, — The simple device 
illustiated in Fig. 4 and Fig. 6 has been in use 
for several years in this laboratory wherever a rod support 
is desirable and has almost entirely replaced the movable 
• From Am. Jonr. BcL, xUt, 28&. 
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stand which students usually find unwieldy and difficult to 
dispose of in limited space. The brass fitting into which is 
cut a strong screw thread, as shown in Fig. 4, is set directly 
in the face of the work table with its upper surface flush 
with that of the table, and is held in place firmly by screws 

if the table-top is of wood, or by bolts 

and nuts if the table-top is of soapstone 

or other material which does not afford 

holding ground for ordinary screws. 

Iron rods of sizes and lengUis suited 

to holding all sorts of apparatus, from 

the lighter forms used in elementary 

laboratory instruction to the heavier lecture apparatus, are 

cut with screws matching the thread of the brass fitting and 

may be set firmly in place as shown in the figures. The rods 

are of course interchangeable as occasion 
may require. When stripped of apparatus 
the rod takes up very little table space, but 
if a clear table is desired, it is easy to remove 
the rod by means of tongs kept at hand for 
the purpose in the laboratory tool-box. This 
^®' ^' device is neat, inexpensive, and easily made 

by any worker in brass and iron. 

Steam Evapcyrator. — A convenient, simple, and inexpensive 
form of individual steam-bowl is easily constructed in the 
form shown in Fig. 6 wherever steam connections are available. 

An ordinary glass funnel of suitable size is 
hung in an iron ring, for holding which the 
rod support previously described serves 
admirably. The stem of the funnel is cut 
off short and a T-tube is attached as shown, 
set in a short piece of rubber tubing, with 
the lower end of the vertical branch bent to 
make a water-trap, while the horizontal 
branch is connected with the steam supply. 
^°* ^' A pipe to convey away the condensed water 

which overflows from the trap is a convenience, but in the 
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absence of a drip-pipe any enitable receptacle may serve a 
similar puipoae. Ordinary water-bath rings adapt the funnel 
to vessels of variouB sizes, but the funnel itself serves 
efficiently in holding several different sizes of round-bottomed 
dishes. The transparency of the funnel makes it possible to 
regulate the steam supply so as to secure the mttTfimnm 
heating effect without saturating the surrounding atmosphere 
with waste steam. Of course, if it is desirable, several of 
these steam-baths may be hung to the same rod. 

Mereury Washer. ~ Various forms of mercury-washing ma- 
chines have been proposed and used with success. The 
particular form here described and shown in Fig. 7, differs 
essentially from its 
predecessors only in 
the degree of fineness 
to which the impure 
mercury is reduced 
when it is brought 
into contact with the 
purifying medium. 
In this apparatus 
the impure mercury, 
hquid enough to flow 
r^dily, runs of its 
own weight from the 
uppermost funnel 
through the supply 
arm of a glass ato- 
mizer through the 
other arm of which 
compressed air is ad- 
mitted in force sufB- _ _ 
Fio. 7. 
cieut to break the 

thin stream of mercury to fine dust. Thus thoroughly 
comminuted, and presenting the maximum surface to the 
hquid, the mercury falls into dilute nitric acid, from which it 
passes to distilled water, and thence to the dry receiver. 
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Funnels fitted with outlet tubes set in rubber stoppers, as 
shown in the figure, answer well for containing vessels, and 
the rod and socket device described above serves as a support 
for the apparatus. In the case of the particular appaiatos 
which I have used the air was admitted to the atomizer 
under a pressure of about one-third of an atmosphere above 
the ordinary. 

Certain experiments made to determine whether ferric 
chloride or chromic acid might be used in the purifier instead 
of dilute nitric acid showed that the superficial effect of these 
reagents upon the extremely finely comminuted mercury 
prevents the reunion of the particles even when submitted 
to considerable pressure. When dilute nitric acid is employed 
no such difficulty arises. 




ON CERTAIN :PC>XNTS XN rpgg INTERACTION 
OF POTASSXUM I>EiItMANGANATE AND 

ACID. 




By y. -»- "^^^'^^^^ -•^W> B. W. DANNBB.* 



I5 an article pixblisl^ed some years ago by Jones f upon the 
action of reducirxg agents npon potassium permanganate the 
statement is ma. Ao^ that in tHe interaction of oxalic acid and 
the pennangana^t^ ii^ 'wliate voir T?«ray the conditions were varied 
whether there ^w^s excess of oxalic acid or of permanga- 
nate, whether -tixe solutioxis ^w^ere strong or dilute, whether 

acid was presen-t: or not ixx every case oxygen was obtained 

as a product o£ tiie reactiorx. The action between the per- 
manganate anA f orrous salts^ in presence or absence of acids, 
in dilute or strong solutions^ T^as said to yield oxygen simi- 
larly. I^ ^® discussion ^wliich followed the reading of this 
paper l^efore tlio ChemicaJ. Society (London), some adverse 
coininent seenas to have l^eexi made.} 

More recently, § in developing his excellent volumetric 

methods for tlie estimation of tellurium, Brauner has noticed 

a similar effect in tlie a.ctdon of potassium permanganate 

upon tellurous oxide dissolired in sulphuric acid, and has 

gliown, further, that in tliis particular case the evolution of 

oxygen is proportional to tlie amoimt of sulphuric acid em- 

t>loyed, and that in ij^rorting with alkaline solutions little 

evidence of such lotion appears. 

The producfa'oix of peirmanganic acid, and secondarily of 
free oxygen and o^c>ne, l>y ^^^ action of strong sulphuric acid 

<•» :^3»rom the A.111. Jour. Scl., xliv, 801. 
+ <3^oar. Cheiaa. Soc. xxxiU, 06. 
:^ -^^f I>^acli. chem, Gtei., xi, 267. 
» Jomi-. Cl^eia- Soc, lix, 288. 

10 



146 INTERACTION OF POTASSIUM 

upon a permanganate is one of the commonest of phenomena, 
and the formation of a precipitate, consisting largely of 
hydrated manganese dioxide, by the action of hot dilute sul- 
phuric acid upon the permanganate in aqueous solution is 
likewise well known. It seemed desirable to us, therefore, 
to study further the action of sulphuric acid of different 
strengths upon the permanganate in solution, with a view to 
determining how far such action may be responsible directly 
or indirectly for the liberation of free oxygen in oxidations 
brought about in the presence of the acid. In the first set of 
experiments directed to this end we determined the amount 
of potassium permanganate remaining after exposure to the 
action of sulphuric acid during different intervals of time 
and under varying conditions of strength and temperature. 
The permanganate was used in approximately decinormal 
solutions (3.16 grms. to the litre) the exact strength of 
which was determined relatively to an approximately deci- 
normal solution of oxalic acid. In fixing the standard small 
portions (usually 10 cm*) of the oxalic acid were diluted to 
a volume of 100 cm* by means of sulphuric acid of two per 
cent strength by volume, the solution was heated to 70® C. 
or 80® C, and the permanganate was added as usual until 
the first permanent blush of color appeared. 

The general mode of proceeding in the test experiments 
was, in brief, to mix the solution of permanganate with the 
sulphuric acid (always previously diluted with an equal 
volume of water, and cooled) and, after the lapse of time 
indicated to add oxalic acid in quantity a little more than 
sufficient to bleach the entire amount of permanganate, warm 
to about 80® C, and titrate the residual oxalic acid by gradual 
addition of more permanganate. The difference between the 
amount of permanganate needed under the conditions to de- 
stroy the known amount of oxalic acid and that used in the 
determination of the standard should measure the oxygen 
lost by the permanganate under the action of the sulphuric 
acid. The results and details of these experiments are given 
below. 
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TABLB L 



HiPO* [1 : 1]. 



Water. 



in daolnonoul 
■otattoo. 



Peroentogeof 

maolntioQ 
during Mtioo. 



Ptecrnitage of 

KMn04 

naedMoom- 

pared with that 

required l^ thecny. 



Treated immediately. 



2 
4 
6 
8 
10 



cm* 
8 
6 

4 
2 



10 
10 
10 
10 
10 



10 
20 
80 
40 
GO 



100 

100 

101.5 

101.6 

101.9 



B. 



Treated after ftanding eight hoorf at ordinary temperature. 



2 

4 

6 

8 

10 



8 
6 

4 
2 



10 
10 
10 
10 
10 



10 


99.7 


20 


99.7 


80 


101.8 


40 


106.8 


GO 


116.7 



c. 



Treated after itanding flye dayi at ordinary temperature. 



2 
4 
6 
1 
10 



8 
6 
4 
2 



10 
10 
10 
10 
10 



10 
20 
80 
40 
60 



104 

121.6 

149.7 

166.9 

166.4 



D. 
Treated after standing one and one-half honn at 80® — 90® C. 






2 

4 

6 

8 

10 



8 
6 

4 



10 
10 
10 
10 
10 



10 
20 
80 
40 
60 



101.8 
148.8 
186.9 
149.1 
156.8 



It is manifest from an inspeotion of Table I that the de- 
composition of the permanganate increases directly in each 
series of experiments with the increase in the proportion of 
sulphuric acid, that the amount of decomposition is greater 
as the time of action is extended, and that increase of tem- 
perature heightens the change. We note in particular, for 
example, that the presence of ten per cent of [1 : 1] sulphuric 
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acid induces at the ordinaiy temperatoie no immediate de- 
composition of the permanganate, none in eight horns, and 
a breaking down amounting to four per cent in five days; 
and that the presence of fifty per cent of acid of the same 
strength occasions the decomposition of about two per cent 
at once, fifteen per cent in eight hours, and more than half 
the entire amount of permanganate in the course of five days. 
It is evident also that twenty per cent of the [1 : 1] acid 
produces no appreciable effect at ordinary temperatures and 
under exposures of a few hours only. The effect of heating 
the mixture of acid and permanganate to 80^ C. for an hour 
and a half is closely comparable with that brought about by 
the five days' action at the ordinary temperature. 

In another series of similar experiments, the detailed record 
of which we omit as unnecessary, the absolute amounts of 
liquid and acid were increased while the proportion of the 
latter to the whole volume of the former was preserved. 
The voliune of the liquid containing the acid and permanga- 
nate was fixed at 100 cm^ and the absolute amounts of acid 
were taken five times as great as those used at corresponding 
points of the preceding series. The amounts of decomposi- 
tion observed in these experiments followed those of the first 
series so closely as to compel the conclusion that it is the 
proportion of acid present rather than the absolute amount 
which is chiefly influential in the decomposition of the per- 
manganate under given conditions. In still another series of 
experiments which differed from the last in the single point 
that the amount of permanganate used was increased five- 
fold, no appreciable differences in effect which might be traced 
to such extra use of permanganate were discoverable. 

It is, of course, possible, and even probable, that some 
decomposition of the permanganate by the sulphuric acid 
might be brought about after the addition of the oxalic acid 
during the warming of the mixture up to the temperature ^j 

at which the oxalic acid and permanganate interact. The ;i 
experiments of Table II were therefore undertaken to test 3, 
this point. In them oxalic acid was replaced by a solution .^^ 
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of feirooB snlp^^ in order to secure the removal of tlie 
reeidiial permanganate at ordinary temperatures. The great- 
est care vu taken to guard against atmospheric oxidation 
during the course of the experiment. The solution of fer- 
rous sulphate vas standardized before and after making the 
test experiments and found to be unchanged during the 
period of work. In the first five experiments of series B 
the proportions of acid and tiquid of series A vere pre- 
served while the absolute volumes were increased; in the 
last four experiments the range of variation in proporti<»iB 
was extended. 

TABLE n. 



H^OilJ. 


WakK. 


EUnO.!. 


dorilVHUoiL 




"*»^ 






A. 










Trwtsdftt 


ODM. 




stf 


etf 


on* 






2 


8 


10 


10 


100 


4 


« 


10 


SO 


100.2 


e 


4 


10 


80 


100.1 


8 


3 


10 


40 


100.1 


i« 




10 


60 


100.8 






B. 










Treated at 


0D«. 








10 


10 


100.1 




TO 








ao 


60 








40 


60 


10 


40 


100.8 


eo 


40 





60 


lOIJ 


60 


80 





00 


108 


TO 


30 





70 


106 


80 


10 





80 


103.8 


00 







90 


108.1 



The results of these experiments indicate, as was 
pated, that rather less decomposition of permanga 
oaoBed by the sulphmio acid when the reduction 
residnal permanganate is effected at ordinary tempo: 
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The inciease in the amount of decomposition as the propor^ 
tions of sulphuric acid [1 : 1] present are pushed beyond fifty 
per cent of the liquid is striking. 

We have studied these same phenomena still further, vary- 
ing, however, the mode of proceeding so as to observe and 
measure the gas evolved from the liquid as Jones* and 
Brauner* did in their individual investigations of the evo- 
lution of oxygen during oxidations. In these experiments 
tubes of suitable size and length, holding from 100 cm^ to 
200 cm^ were sealed at one end, filled completely with the 
mixtures of acid and permanganate, inverted, and allowed to 
stand with the lower and open end submerged in liquid of 
the exact composition of that which filled them. The details 
and results of these experiments are recorded in TaUe IIL 

TABLB m. 



Time 
oliiwtd 


A. 
H,B0«C1 : 1] = BO par owt 


B. 
H,B0«[1 : 1] = 86 par MOfc. 


OMfrom 
100 em* 


J^ypeSTHMM. 


100 em" 


Appaanaoe. 


6min. 
Ihour. 
Iday. 
8 days. 
4 «• 

7 •« 

8 " 

16 " 

17 - 

86 " 


0.1 

1.1 

14 

16.8 

16.6 

. • ■ 

16 

17.8 
17.4 

17.6 


No change. 
No change. 
Red brown. 
Light brown. 

Brown, turbid, 
j Clearing by predpi- 
1 Ution. 

Clear, ttraw-colored. 

« « M 
«< M U 


Small bubble. 

9.6 

16.1 
18 

18.4 


) Beddiih purple. 

1 Turbid. 

i Reddidi pink. 

^Clearing by P*^ 
( dpitation. 

Nearly dear. 

5 Clear and color- 
\ leM. 




0. 
H^«C1 :1] = 18.5 par oeat 


D. 

H,B0«C1 :1] = 6.85 par oant 


Ihour. 

Iday. 

8 days. 
14 " 
87 '« 


Small bubble. 
Bubble. 
Bubble larger. 
7.1 cm* 

11 •• 

12 " 


No change. 
« « 

Color lighter. 

a « 


Small bubble. 
Bubbla 
Bubble larger. 
1 cm* 
8 - ' 
6 •• 


No change. 

u u 

M U 
M U 

Little diange. 1 



•Locdt 




I* 
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PS^ ^ 



eJt "^"^ ^fj^entimetei of g^ ^^^Ue^t^^ <^tu« of oxygen, 

aad e^«^ ^ ^^ aX^^^ ^^ ^^ W^tate^ JT*^^® oxygen. In 
3.5I*'.T**»^^ ^ '^^ CTaUelll, A^ ^^^^<^ by 50 per 

•^^In of *^/ %:> '* appears tbat W J?''*^'' «^"*^ *'*»°- 

<«*^'**A «f t6^ ^ V^.'iion esGs^^r a ^* Pemanganate which 

I*"^"*il^^ ^^«ver, t^^ '''''^^^ '^d ap^ in free 
di»»PP*^^ i>^ Cfibej^^jJ^ compariaon is made between 

^e amount «. 8 ^^ :E>er»i^ *^^® oxygen) and the amount of 
^j cent ot tne ^-^irr^ft ^^Saiiate during a similar interval 

^"""^'l Ite ^i>^^^.*^*^ « ««'ly close -within one or 




^o\«i'»'°'^'',^<^^^ _ **^*^ relatively to the large absolute 

jaUft^^^^^^ ^.,^>^^^^ to be evident that during this 

^jooxflvV "^^ ^-^ii^:^ ^^^ ^* *^o permanganate resulted chiefly 

interw^'^* T^<cr ^\^^^e«t form of oxidation. After the 

vaV^"*^^*^^^-^"^^*^* ' '^^en a precipitate began to appear, 

gexetSs^ ^ vq"**^^ ^^ygen was set free; and on the thirty- 

coxss?«5*'®'^*\^-B.^® P^^ecipitation had ceased and the remain- 

^l^ ^^'-A ■««» «*^'^'w-colored the amount of gas collected 

Vttg ^^^ ^ea W> •^^^ 61 per cent of the available oxygen of 

cioTvex!^ ajig*''**** . "^^ remaining 89 per cent must have 

tb© ^^%a ^'^ pi«<5ipitated oxide or have lemaiued in solu- 

go»© "^ big^®'^ sulphate. That but little of the higher 



thirty 



-v^tilx Bi rjjje gas finally set free in B mounted to 64.4 per 

l>lea<^^® Vj^^ available oxygen of the permanganate, and the 

cexx^ f^ ^ 86.6 per cent, would be enough to throw down 

^j-©xo»^^ l^x cent of the entire amount of manganese in the 

a,l>otcit ^^te in the degree of oxidation of MnO,. It is 

pei^i^^^ that the stronger acid, 50 per cent [1 : 1], still 



*:i 
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held some of the higher oxide in solution until the end, and 
that the acid of 25 per cent [1 : 1] allowed the decomposition 
to pass to completion in thirty-five dajrs, while the smaller 
amounts of acid, 12.5 per cent [1 : 1] and 6.25 per cent 
[1 : 1], brought about in forty-four days' decomposition 
amounting to 42 per cent and 17.5 per cent respectively. 



TABLB rv. 



PMw 

Hi80« 


Time elapatd. 


1 


ld»7. 


adaji. 


Sdaji. 


4dajs. 


SdajB. 


10 


Color 
unchanged. 


Color 


Color 
unchanged. 


Color 
unchanged. 

SUght 
•ediment 


Color 
unchanged. 

SUght 
•ediment 

Slight 
•cum. 


108.6 


ao 


Color 
unchanged. 


Color 
unchanged. 


Color 
unchanged. 


Color 
unchanged. 

SUght 
•ediment 


Color 
unchanged. 

SUght 
•ediment 


107.4 


80 


Color 
unchanged. 


Color 
unchanged. 


Color 
unchanged. 


Beddith 
tinge. 

Slight 
•ediment 


Reddish 
tinge. 


106.9 


40 


Color 
unchanged. 


Color 
unchanged. 


Tinffed with 
reddish 
brown. 


Reddish 
brown* 


ReddUh 
brown. 


189.2 


50 


Color 
unchanged. 


Color 
unchanged. 


Beddith 
brown. 


ReddUh 
brown. 


Red 
brown. 


167.4 


60 


Color 
redder. 


Color 
redder. 


Reddish 
brown. 


Sheny 
brown. 


Reddish 
oliye. 


168.9 


70 


Color 
redder. 


Color 
redder. 


Sherrj 
brown. 


Reddish 
oliye. 


Reddish 
oUye. 


161.1 



It seemed to be desirable in this connection to make the 
experiments detailed in Table IV, in which note is made of 
changes in color and formation of precipitates in 100 cm' 
portions of liquid containing 10 cm' of decinormal perman- 
ganate and varying proportions of acid, during five dajs' 
standing, the degree of decomposition of the permanganate 
being finally determined, as in the experiments of Tables I 



QANATB A0 ^^^^^Xj. 



"^^^t^*^ ... *^«i^"«i oxalic 



In the fi^ji*»^!^<imeata the xeddVaix oK^^^^ solution, but 
^"■^dS^^^^i^ attacked iAecS^^^H^- sulphate 
of '»»"^rW -i^nnittefi 4. >«^tural color of the 

' rffla»g»?'r iJ>^^ of ijr ^^ P^***® Ml the last experiment, 

'^'^°''^'!S'Z'ce^.^ »eduo« "* ^} ""v'^ "^ present - corre- 
jj^bichTOper*' ^.*=;:;j^ «/ ^^^ «* *^e entire amount of per- 

gponds nearly to ^:siar^. Condition of oxidation of MnO» 

^jjjjigajftte ?^ ^^<^ >1ki^» ^^ combination with sulphuric acid 

vlflchis^o^ Js^^^t .?^^**»8anic sulphate. It is to be noted 

.- vhelotnvA^*^ ^v ^soluble higher oxide took place 

^, ^^*^^^°^^2^Se of acid was low. 

^^ '«V«B."^'^'^\^^ ^' ^^ "brief, that when potassium per- 

2t 8.'?^'^ '?ss»5^^^j>V*^>aTic acid are brought into solution 

,jjjjjsj..g8s«!* «!^ ^^ *^^^^tioii8 which we have studied there 

^geiibfit M»^*"^ .yscv^**^^^ toward reduction on the part of the 

\ -^ Aev*^o^^* .^ 0»® greater as the strength of the acid is 

/ ioTta®* -wtAC^ ^^ ^^taperature is raised, and as the duration 

i Vacxea*®^ • e«**^*®?* ^* appears further, at least when the 

^ oi a.ctaon ^^egetxt in proportion greater than 60 per cent of 

a^id is tto rtii**^^' *^* ^^ ^^ ^""^7 stages of the action the 

tlie C*- • \^t to *® permanganate is liberated, and that later 

^^ygei* * nip^^****^ °^ ^^e permanganate results in the pre- 

! on "tiki® ^®® I g]anganese in the form of a higher oxide or in 

' cipi'**''^*''* • n of ^e manganese in solution in the form of a 

v|3^e T^^ , Vjftte. I* ^ natural to suppose that the first effect 

•Kiglie' Mial 8''*'*'° **^ ^'^e ^'^^'^ ^n*^ ^''^ permanganate is to 
£ iibe 5"* ^jDganic acid, which, being unstable, breaks up 
Be* :tre^ I^^jta described. 

i^tJi ^^loriog 0^ these observations and inferences upon the 
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question of the action of potassium permanganate during 
oxidations carried on in the presence of sulphuric acid is 
obvious; for, if the aqueous acid is able to liberate per- 
manganic acid in such proportions as to be spontaneously 
unstable, it is reasonable to presume that any reducing sub- 
stance present at the time of such action may, by virtue of 
its attractive action upon the oxygen of many more molecules 
of the permanganic acid than would be necessary to supply 
the exact amount needed for perfect oxidation, tend to 
increase the general instability of the already unstable 
molecules and so set up a far-reaching decomposition. It 
seems to us that these considerations throw some light upon 
the phenomena observed by Brauner* in the oxidation of 
tellurous oxide in presence of sulphuric acid; and the &ct 
that the liberation of free oxygen in this special case is more 
noticeable than in the oxidation of ferrous salts or oxalic 
acid, for example, is explicable in the light of Brauner's 
observation that the attraction of tellurous oxide for oxygen 
is greatly inferior to that of these substances — not sufficient, 
in fact, to break up so unstable a substance as manganic sul- 
phate, which is at once reduced by ferrous salts or oxalic 
acid. The practical lesson to be drawn is the desirability of 
keeping the acid present in oxidations effected by the agency 
of permanganate at the lowest limit consistent with perfect 
oxidation. 

In Table V are recorded the results of a comparison made 
between Brauner's two excellent methods for the deter- 
mination of tellurous oxide by titration with potassium 
permanganate — the one in alkaline solution, the other in 
acid solution — in which the precaution suggested as to the 
restriction of the amount of acid which should be present 
was taken. The tellurous oxide used in these experiments 
was prepared from the so-called pure crystallized element by 
oxidation with nitric acid and the prepared and ignited 
oxide was dissolved in potassium hydroxide. 

In series A the alkaline solution of the oxide was diluted 

* Loadt. 



p^ 



X 



> 



JiGANATE A^ ^^^^t> 



jtmiPg"^'^^ 







^ :g''i:i '' ^1 ^"^ ^^r!^ ^ ^ -^^d in ex. 
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m excess, 
ex- 



-<^^^g0,tiic oxide itf^A P^^tuaY. ^^^Ui 
^bciut 80O (j^ ^^ ^^ s^S?^^> 




.^ B tibe alkaline solution of the oxide was treated 
^^bi^^ ^^^ P • y ™^ ^^ precipitate first thrown 
^^^ jiist redissolved, and 1 cm« of the same acid was 
^o^^^ V^ g^cess. Peimanganate was added in excess and 
glided id i^ excess of the permanganate, the liquid was 
r^'XJsi^^ ^ jjd titration by permanganate to the final reaction 
^\\^\eti^ as usual. In the calculation of the results 
^^^c ^^^* ^' tellurium used by Brauner in his work ♦ 
**^ Dted aod ^® figures obtained correspond fairly well 

« Loo. dt, p. 840i 
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(without the application of any correction) with theory based 
upon this assumption. Our purpose, however, was simply 
to test the agreement between titrations made in alkaline 
solution and those carried out in acid solution. 

The agreement between the indications of the two methods 
is evidently close, and it is suggestive that that error which 
is slightly the larger, and also in the direction indicative of 
larger expenditure of the permanganate in producing the 
effect sought, is found on the side of the determinations 
made in alkaline solution. 

As to the correlative question of the liberation of oxygen 
during oxidations by potassium permanganate in alkacline 
solution we have made no experiments, but experience (not 
detailed in this paper) in the collection of the gas liberated 
in oxidations effected in presence of acid leads us to distrust 
the evidence of such experiments unless the amount of gas 
liberated is considerable. While, on the one hand, small 
quantities of liberated gas may be so completely absorbed 
as not to appear free at all, it often transpires, on the other 
hand, that the simple admixture of unlike liquids — such, 
for example, as a solution of potassium permanganate with 
sulphuric of strength insufficient to liberate oxygen — may 
bring about a very appreciable liberation of dissolved gases. 
So far as appears, however, the proof of the liberation of 
oxygen in oxidations by potassium permanganate in alkaline 
solutions now rests upon evidence of that nature only. 



XX. 

^< ^' ^ °°^« "» ^. X Pax 
fit • «" £^P^^ tl, ^^ amounts „i „,, 



lively by ""fir -*^« KoL T^^t to describe w 

^TioA Thief* ^^^^J'-w far aimilar methoda 

^ enia^oi W <^^^ ~J» ^ietermination of ru 

^\ieto'i«^^'»0*^^ V i?^ that hoUow coUfl < 

^'bo^'^'^^^^V*^^ ^^^ <iefiiute amounte of 

^■^\ft*i:^^^^ -- ^'^^^ ***e coU while hot 

v^ ^B^Kffl?. '^«** '^^^S^'^ ■**»« liqi"d with i 

^a. to "^^'^''^a 0^**lace, it iB possible to t 

D\Ja(^^^ '^ ^^ *■ ^ong aeries of eiperii 

,tift0^iB*» ''^^^e ^^ firing definite amounti 

jjacO»e» ^^yi a. ft**^B to be viewed spectro 

Bofceto^''*' ssit^*** adapted to spectroscopic 

p^fcaBSi»^^^^ aaid it was found to be advanta 

^^& ctVori^ ^ ^^^ radiator before introducing 

coil» o^®^ jarge Muencke burner gave the be 



flaJDO®* .^^ eiiigl® prism spectroecope provii 
all. "^^ -lit (*^® width of which we were 
i-,— -frablP ^pon wires of known diamete'-'' -' 
s^ ^ loo^ft^^ ^^ ****' different pc 
»cOp^ ht 1* ^^^^^ ^^^ ^^ ''"^ served 
D °™ The coils were made of N< 
*"' in diameter) wound in aboi 
*S '"'^'ji^ Jour. ScL, xUt. 893. 

• F^ ^d Hwt : Am. Jour. ScL, xW, *48. 
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spiral 1 cm. long by 2 mm. in diameter and twisted together 
at the ends to form a long handle. With the apparatos 
described it was found possible, under the most favorable 
conditions, to recognize the characteristic red line of the 
potassium spectrum when only ttAtif mg. of potassium, in the 
form of the chloride, was brought to the flame. It appeared, 
furthermore, that a comparison of the brightness of two 
spectra produced in close succession could be made with all 
the accuracy to be anticipated in photometric measurements, 
and that therefore by gradual dilutions and successive test- 
ings a solution of potassium chloride of unknown strength 
could be brought to the point of containing as much potas- 
sium to the coil-full (and so, of course, to the cubic centi- 
meter or any other chosen volume) as a standard solution of 
known strength. By noting the final volume to which such 
an unknown solution was brought in the process of equaliz- 
ing its spectrum with that of the standard, its total contents 
in potassium was determined. In this manner the strength 
of solutions of pure potassium chloride proved determinable 
with accuracy, but when the effect of intermixing pure 
sodium chloride with the potassium salt was studied it tran- 
spired that the brilliance of the potassium spectrum was 
markedly increased by the presence of the sodium in the 
flame, the maximum increase, which amounted to twenty 
per cent, appearing when the ratio of sodium chloride to 
potassium reached 100 : 1. It was found, however, that the 
practical difficulty of determining potassium in presence of 
sodium could be largely overcome by taking the precaution 
to bring the test solution and the standard to apparent 
equaUty aa regards the potassium line, tben to bring the 
solutions to an equality in respect to the sodium line by 
addition of sodium chloride to the standard, and finally to 
readjust the volumes of test and standard until the potassium 
lines were again equal. The accuracy of the determination 
of the potassium is, however, in spite of the precaution, 
somewhat affected by the presence of sodium, — the error, 
though, sometimes falling as low as ^ mg. in 10 mg., rising 



^^lUM BY TH^ '"^^^^O^^^ 
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^ ^ ^S we possess iot tC^ ^^x, 






^^X^^'^tbod except m '^^s >*H^>^'^ taken to the 
Z^^^ '^<^cetty^ but in SUcVi c,^^^ Bix^all ateolute 
Jpecttosco?*- 4^^\^^0 » convenience. *^e spectroscopic 



li»e ^"^ "^ ^"^^^d the *r.X..v^^^idi'«n spectrum 
Sp^,';^^^^^ of t^"*^' ^^^ue lines arbetter 

to work "^jgljes^/^^^ride >vaa ^.^^^^^'^^ *** ^ described 



become* »" .hX^^V^oI oiiT^ P'^pared by many fractional pre- 

pure m'»°"r \c^ as tcT -J* aq>ieous solutions, and in set- 

gipitationa oy ** .^ ^^ ^ the coils which should he used the 

^g \he (p«^<> ^^^ ^WW^ liolding 0.02 gnn. of water and 

c\ioice te\i «e°^ ^^«,<iv* ' ^'^^ superior stiffness of these and 

^gol^*"^^* -^^^^^ capacity giving them the advantage 

cotfiWpft^^ "^T^ ^^^ai^^* ^wixe, though the latter are capable 

^<8i^!^^ ^^^ ^^ sensitiveness of the reaction. We 

oi \ff£MS»% ^ ^A^* **^at -under the most favorable conditions 

io-wa^^'^"^ *'*'T|3SV<^^ '^^ ^idth of slit, 0.0002 mg. of rubid- 

^ toVcv^*^* ^j-sP^^^^^ ^e blue lines at the last limit of 

Voov <?t^^^^^Jo. \!Kve ^aargcT and heavier coU was in the flame; 

,,ri»ib»^*5 '^^ \vo\'^'^^^. ^-^^^ gnn. of water and made of very 

^VOo. «k '^"'^e to°'*' "^«»ediate volatilization of the chloride so 

.gj^e "wi^» v^je delicacy of the spectroscopic reaction that it 

incTcased ^ ggg ^^ Yo^^ from 0.00005 mg. of the salt. 

p<*^\ygg serve as an indication of the possible delicacy 



jjf tJii* ^ ^at all eyes do not see the rubidium lines with 



eQ>**^ ®^ lijnen^^? ^*h rubidium sulphate in place of the 

\x\. ®*^he ligl'**''' eoil appeared to lose its advantage in 

^^jloii^® yMffifS^ of the indication over the larger coil, pos- 

-joi*** nge the amount of metal introduced into the flame 

si'bly^ -nfluence upon the rate of vaporization of the less 
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volatile sulphate, and the lines of the sulphate appeared 
equally distinct and of longer duration than those of the 
chloride; but while we judged the sulphate to be rather 
preferable in qualitative work, our earlier preliminaiy quan- 
titative experiments led us to abandon it for the purposes of 
our investigation on account of the g^at uniformity in the 
lines yielded by the chloride. We found it desirable in 
comparative tests of brightness to employ as the standard 
the lines given by amounts of the chloride not exceeding 
0.0005 mg. to 0.0007 mg., to set the slit at a width of 
0.2 mm., and to bring the coils to the flame in sets of three 
— the first, usually a standard, serving to fix the position of 
the lines so that the comparative distinctness of the lines 
given by the other two might be the more readily deter- 
mined. The tables below contain the record of an attempt 
to dilute a solution of the pure chloride to the strength of 
the standard solution under the guidance of comparative 
tests of the brilliance of the spectral lines yielded by the 
residue left upon the wires after the evaporation of the 
solutions taken up by coils of equivalent capacity. Dilu- 

EXPEBIMENT L 



Standud. 

BaUdinm In % 

ooiMoU (^ em*). 



0.0005 
0.0005 
0.0005 
0.0005 
0.0006 

0.0005 

0.0005 

0.0005 
0.0005 



Tetl (known to 

oontoin 10 mg. Bb.)< 

Vcdnme in em*. 



LfaMoftert 

oompared with 

•nndaid. 



Brighter. 

Brighter. 

Brighter. 

Brighter. 

Brighter. 

Brighter (faintly). 

Brighter (fidntly). 

Doubtful. 

Brighter (fdntlj). 

Weaker. 

Equallj bright 

Weaker. 

InTidble. 



Found 410 X 50 X 0.0005 

Taken 

Error 



10.25 mg. 
10 ** 
0.25 ** = 2.5 per cent 



jpim m rS« ^'"^^^J-^ 



^«. 






/^^ moriiL«ygi^'»M o °*'*:. 



of the toetfloWtion 






l«»8 






the 
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estimated amount of rubidium in the test-solution given 
by multiplying the volume in cubic centimeters by the 
number of* coil-fulls in 1 cm^ and the product by the 
amount of rubidium contained in a coil-full of the standard 
solution. 

These results make it plain that when the comparison is 
made between solutions of pure rubidium chloride the spec- 
troscopic method is capable of pelding fair approximations 
to truth. In the practical determination of rubidium, how- 
ever, the question of the effect of the presence of sodium and 
potassium which naturally accompany it is of importance. 
Attention was therefore turned next to the consideration of 
this point, and the record of observations as to the influence 
of sodium upon the brightness of the rubidium spectrum is 
contained in the accompanjring tabular statement. 



BtMidard. 

Babidimn In a 

ooil-fuU(^oniS). 


Teit-Mlntloii. 

Sodium in ft 

ooil-falL 


lineaof t6«t 
by pain. 


CoraparlMnof 

liBMofteat 
witli ■tondiwd. 


mg. 
0.00066 

0.00060 

0.00006 

0.00066 

0.00066 

0.00066 


(0.00026 
0.00260 
( 0.00180 
7 0.00260 
(0.00260 
7 0.00620 
(0.00260 
7 0.00660 
(0.00260 
7 0.00780 
(0.00260 
\ 0.01500 


Slightly brighter. ) 
Slightly fainter. ) 

Equally bright. 

Equally bright. 

Brighter. ) 
Fainter. ( 
Brighter, i 
Fainter. ) 
Brighter. 
Inylsible on ac- 
count of glare. 


Brighter. 
Brighter. 
Brighter. 
Brighter. 

Brighter. 

Brighter. 
luTisible. 



It appears that within limits the presence of sodium in the 
flame increases the brilliance of the rubidium spectrum. 
The brightness of the lines is raised under the conditions 
to a maximum by the presence of sodium to forty per cent 
of the weight of the rubidium, and increase in the amount of 
sodium does not further influence the brightness of the lines 
until the proportion of sodium to rubidium is as ten to one ; 
or, speaking broadly, the difference between the dissociating 
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action of sodium upon the rubidium chloride (to which we 
attribute the effect noted) does not appear to be materially 
different whether one or a score of molecules of sodium chlo- 
ride are present to one of the rubidium chloride. But when 
the proportion of sodium to rubidium much exceeds ten to 
one the glare of light diffused through the entire spectrum 
(though the sodium line itself may be cut off) begins to affect 
the vision, and as the increase advances ultimately extin- 
guishes the rubidium lines utterly. The deg^e of increase 
in brilliance when the lines are at a maximum was deter- 
mined by diluting the test-solution until a coil-fuU gave a 
line equally brilliant with that of the standard. 



BteDdard. 

Bafaidtaminaeoil-faU 

(Acm»). 


T^st-aohitlon. 

Rubidium in a ooD-fnll 

with ^^otiU wdght 

of sodium. 


line of teit eompartd 


0.00066 
0.00066 
0.00066 
0.00066 


mg. ' 
0.00066 
0.00048 
0.00046 
0.00044 


Brighter. 
Brighter. 
Brighter. 
Equally bright. 



It is plain that at the maximum degree of brilliance the 
sodium is responsible for an increase of fifty per cent in the 
brightness of the lines. 

The details of similar experiments in which potassium chlo- 
ride was introduced into the flame with the pure rubidium 
chloride are given in the following tabular statement. 

From these results it appears that the presence of potas- 
sium produces an effect upon the rubidium lines similar to 
that of sodium; and, furthermore, the addition of 0.0004 mg. 
of potassium in the form of chloride to 0.00066 mg. of rubid- 
ium also in the form of chloride brings out the maximum 
brightness which is not materially changed by further addi- 
tion of potassium up to about 0.0018 mg., but that the 
increase of the potassium to 0.0034 mg. results in diminution 
of brightness. In other words, it seems that a single mole- 
cule of potassium chloride has approximately the same dis- 
sociating effect upon the molecule of rubidium chloride in 



164 



QUANTITATIVE DETERMINATION OF 



Staadttd. 
Bubidiom in • 



ng. 
0.00066 

0.00066 

0.00066 

0.00066 

0.00066 

aooooo 

0.00066 
0.00060 
0.00066 
0.00066 
0.00066 
0.00066 



Tett^olntton. 

Potuatom Id • 

eoil-faU. 






mg. 
0.00020 
0.00040 
0.00020 
0.00840 
0.00040) 
0.00006) 
0.00040 
0.00340 
0.00066) 
0.00182 ] 
0.00066 
0.00346 
0.00066 
0.00660 
0.00066 
\ 0.01820 
0.00066 
0.02000 
0.00066 
0.02660 
0.00066 
0.03340 
000066 
0.08340 



OoimuriMii of UnM of 



Slightly fainter. ) 
SUghliy brighter. ) 
Fainter. ) 
Brighter. ) 

Bqoally bright 

Brighter. ) 
Eainter. ) 

Equally bright. 

Brighter. 
Fainter. ' 
Brighter. 
Fainter. 
Brighter. 
Fainter. 
Brighter. 
Fahiter. 
Brighter. 
I Fainter. 
Brighter. 
Fainter. 
Brighter. 
InViaible. 



OomiwiiMm of Unit of 
test with otendird. 



Brighter. 
Brighter. 
Brighter. 
Brighter. 
Brighter. 
Brighter. 
Brighter. 

Brighter. 

Brighter. 
Equall J bright. 
Brighter. 
Eqoallj bright 
Brighter, 
oally bright, 
hter. 



uriffn 
InTiri 



Ue. 






the flame as that brought about by a greater number, tiiat 
the presence of potassium in the proportion of five parts to 
one of the rubidium begins to influence visibility unfavor- 
ably, that when this proportion rises to thirty to one of the 
elements (or twenty to one of the chlorides) tiie lines appear 
about as distinctly as if no potassium were present, and that 
an increase of proportion to fifty to one may bring about a 
sufficient glare of light to reduce the rubidium lines to in- 
visibility. The degree of increase in brilliance due to the 
action of potassium when that element is present in propor- 
tions suitable to induce the maximum effect is shown in the 
following record. 

It appears that the presence of 0.00044 mg. of potassium 
is capable of increasing the brilliance of the lines yielded by 
0.00044 mg. of rubidium to an equality with the lines given 
by 0.00066 mg. of the pure salt; or, that the mft-rimnm 
increase of brightness amounts to fifty per cent 
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or o' '"*!S**^^^y o *»®ae dementB, before any reasonable 
ieg»*'''f'\j>^*]rultt^' l>e expected in the epectroeoopio 
^ggiee ci W ^-^^,^o»n *^^*^ aa it ordinarily occurs in natoie. 
^^ ^ . ^***i\lm is easily accomplished by the 
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^BW ■* ^"^ ^£>^ J^** spectroBCopio reaction of rnbidium for 

r86'a<s^^'^^.^<fj^^'^*ive quantitative analysia reeoWes it- 

«ai^a»» ^'^^cy*^^^ aa to whether by matching potassium 

^U Vn-'^ "^-.jj »^ r^^ rubidium lines (foUowing the method 

■^jnea «» ■** ^e ^^^rnunation of potassium in presence of 

oo-t^®*- ^^^ 6" "bringing the lines of test and standard 

eoAi«°*^^4ei ^® influence of potassium, it is poesiUe to 

oqcwWy coioV*™*'^ between the rubidium lines trustworthy. 

xxia^^ **' .^^ in the fonner paper that in matching solutions 

Xt. ■^f"® iuffi by means of the red line there is no diflBculty; 

^f po*** onTB'"®'*''® of being able to use the spec&oecope 

■\yQX ***® rea^J"^'™^'^ throughout the entire experiment made 

.^^tiho'^ Ue f* *** whether the blue line of potassium might 

it d*^ goffi<''®°*^y "^^ '^ ^^ comparison. It is hardly 

jjot ^^ w reproduce here in detail the evidence bearing 

Q^oeS^y -Dtot, but we found as the result that tiie potassium 
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grreater than that inherent in the use of the red line, admits 
of the attainment of determinations which should be accurate 
enough for the present purpose. We proceeded, therefore, 
to make a determination of rubidium in presence of potas- 
sium by the process referred to, the details of which are 
given in Experiment IV. 

It is evident that the percentage error is considerable, but 
inasmuch as the application of the process would naturally 
be to the determination of small absolute amounts of rubid- 
ium we thought it desirable to go a step further to see 
whether means are at hand for separating large amounts of 
potassium from small amounts of rubidium with an approach 

EXPEBIMENT IV. 



^ ^ , . . . , i 0.0006 mg. rabidium ) ^^ „ ^„ 
Standard solntion containing ^ oq^^^ u notaMium ( ^ ^® ooU-fblL 

Teit tolntion contained 8 mg. rabidium and no potassium. 


Stepl. 


8t«p2. 


Step 8. 


Step 4. 


steps. 


PnUmlnuy teit 
forSb. 


matching of K 
Uno. 


||jiimiitf<i»i*i£ of 
Bbllne. 


BMdJiuteMnt of 
kUno. 


olBbUno. 


Test at 20 cm* 
ffare Rb line 
like standard. 


Test at 20 cm* 
gaToKlineiike 
standard when 
1 mg. of K had 
been added. 


Test at 86 cm* 
gare Rb lines 


Test at 86 cm* 
gare Kline like 

2 mg. were 
present. 


Test at 86 cm* 
ffare Bb line 
uke standard. 


Rabid 


iam f oond 86 X 60 X 0.0006 = 
taken =: 


0.876 mg. 
0.8 ** 


Error 




0.076 " = 9.4 D«r cent. 
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sufficiently near to completeness to bring the potassium pres- 
ent within the limits fdlowed by the spectroscopic method. 
After some experimentation we fixed upon the simplest pos- 
sible procedure, viz. : the solution of the salts in the least 
possible amount of water, precipitation of the mass of potas- 
sium chloride by addition of alcohol, filtration, and the evap- 
oration of the filtrate. In Experiments V, VI, VII, this 
mode of working was put to the proof. The amounts of 
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, ii^_ process 
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BOO""'" ". ^ -, X^iiav - " lew nulligninis of rubidium, it 
i,tl,e»l»»y,(;^^^j^«l view of the fact that the only 
flil *?fi*^\ "^ Xl*c»>»-u. ^^^^'^'eaa, Hiat even tjlis great error 

jtBt»4» » •», ""iWUve of what may be called fair 
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A METHOD FOE THE QUANTITATIVE SEPABATION 
OF BARIUM FROM STRONTIUM BY THE ACTION 
OF AMYL ALCOHOL ON THE BROMIDES. 

By PHILIP E. BROWNING.* 

The existing methods upon which dependence can be placed 
in the separation of barium from strontium are few in number. 
R. Fresenius in discussing them through several numbers of 
his journal t concludes that the only one which gives perfectly 
reliable results consists of the precipitation of the barium by 
a double treatment with anmionium chromate in acetic acid 
solution. Having demonstrated the possibility of separating 
both barium and strontium from calcium by tiie dehydrating 
and appropriate solvent action of boiling amyl alcohol on the 
nitrates | the possibility of a similar method of separation by 
the use of suitable salts of barium and strontium seemed 
worthy of investigation and necessary to complete the series 
as applied to this group. In looking about for suitable salts 
upon which to experiment, the behavior of the chlorides was 
suggestive. Barium chloride is completely insoluble in amyl 
alcohol, while the corresponding strontium salt is somewhat 
soluble. The possibility of finding strontium bromide more 
readily soluble than the corresponding chloride seemed worthy 
of attention. The method of preparation followed was the 
treatment of the precipitated and thoroughly washed caiv 
bonates of barium and strontium with hydrobromic acid 
prepared § by mixing definite proportions of potassium bromide 

* From Am. Jour. ScL, xliy, 460. 

t Zeitschr. anal. Chem., zxix, 20, 148, 418. 

t Am. Jour. Sci., zliii, 60, 814. ThiB rolume, pp. 107, 116. 

S Proc. Amer. Acad., xrii, 80. 



SEP 

in solutio 
off the 
redis 
abletracv 
oi \mm 







RATION OT 

•^u «,lr^V^,. • -^ROM STRONTIUM. 169 

tassium BulpYuvt^ ,^^. ^^a ^v^ter while hot, filtering 

f the filtrate xuitiX tli ^^ separates on cooling, and 

of sulphuric acl^ ^^^tiUate contains no appreci- 

aud stxontiuixx v. -^^^e standards of the solutions 

by precipitatitxc*^^^^^^^® made in this way were 

"vvitii suLpkuxri^^ ^^finite portions, measulred and 

Method oi «L^Ld* ^^^^ — tlie strontium after the 

fcj Wid the ^ato\^^ ^thyl alcohol to increase the 

^^\!^\^\\a^^ >vitix^^^^ ^*^^ ^^ manner suggested by 
-^^ ^t ^ Ji^^AVv-i • ^^^ excess of sulphuric acid in the 



of hydxochloxlo 



of t 




was taken aa tKe.^^^ '"'^ ""^ ""* ''^''^^^'^ agreeing 

bromides foxmea 1^^^^ Prelimmary experimente 

^^um salt aT>Ti^^ ^^ "^^ ^""^ encouragmg results, 

^fitt o4-.^ 4-i t'l'^^^Mrxtxg to be almost completely insoluble 

^ -nente^ "T ^^^ dissolved freely. The first series of 

sol Wi -?^ ^^^^'^^cted toward a quantitatiye determination 

:ii8 of S ^* barium bromide in the alcohol. Definite 

-i\YPtf\ -^t^ ^ ^^-^^dardized solution of barium bromide were 

^ ■nrom a ovirette into counterpoised beakers of about 

^-1 Rapacity and weighed as a check on the burette reading. 

so ution vraa tlieii evaporated to dryness, and the residue 

dissolved in a few drops of water and boiled with 10 cm« 

^^n^l. alconol, Tlie separating bromide was filtered off on 

asbestos felt contained in a perforated platinum crucible, 

wnoie txaving been previously ignited and weighed. The 

rable coxxtainiiig the bromide was at first dried at 140*- 

C in an air bath after the manner described in the 




papers^ and weighed. The imsuccessful attempt 

get a constant weight, however, proved the impossibility 

^weighing as bromide, the weight decreasing rapidly with 

^Bacb. successive drying. It was deemed best, accordingly, to 

dissolve the bromide from the felt into a beaker placed to 

txeceive it, and to precipitate with sulphuric acid in the 

-pTesence of bydrochloric acid, after the same manner followed 

\£L tbe determinations of the standards. The precipitated 

sulpbate, ^^bich in a few minutes settles completely, was 

• Am. Jour. Sd., xli, 288. This rolume, p. 68. 
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"TowTpm- ''.'*r«''^^ 10 «• of amyl alcohol. 
r^4«« «» «**^t»te4 T?lP*"^ »oid and weighed ; 

^loie. 'li* »mo»nt ot smphate found agreed imifoimlj 
nth a» lo" detonmnod to t^o residm after boiling. A 
x^ou ol tti« mil wHoh dissolTed in the alcohol on being 
saunined before the apecOroecope gave only the green bands 
phaiactorifltic oi barium. 

BERI£8 L 





B>Otik«i. 


BiOtoond. 


1.™. 


(1 


0.12M 
0.0824 
0.0623 
0.0618 
0.0738 


0.1288 
0.0809 
0.0800 

o.oeos 

0.0720 


o.sr2- 

0.0015- 
OMl*- 
0.0016- 
0.0013- 



Several methods of treatment were followed to prevent if 
possible tihis solubility, such as the addition of a few drops 
of hydiobromic ncid before boiling, of the same after the 
barium bromide had separated, ot a few drops ot ethylene 
dibromide or ethyl bromide at the completion of the boUing, 
of a few drops of bromine water before boiling, etc. The 
leanlts of these experiments showed these modifications to be 
of little or no value. 

On boiling the strontium bromide with the alcohol slight 
spots separated occasionally, which on the addition of a drop 
of hydrolm)inio acid went into solution and did not appear on 
re-boiling. In order to determine the eolulnlity of the stron- 
tium bromide in the alcohol a saturated solution was obtuned 
1^ boiling an excess of tiie strontinm salt witii the alcohol, the 
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Hired poruoii o^ n ^ 

^ addition of ethyy ^^ Ciitx^ yg^^ precipitated as sul- 

rrlhiplicate det^ixit^ij^^^J^^^ol and sulphuric acid, and 

^ -^ gram on the oxi^^ • ^^ showed the solubility to 

^^^rrocedure for tkx^ b^ ^^ ^^ ^^* ^^ ^® alcohol. The 

'^^^.^th that already d.^srr ^^^^*^^^ ^^ these elements was 

oint at which, tlx^ V^Z!^^^^^ ^ ^® ^^^^^ ^^ barium alone 

addition at firsti ^ 5^^^^^iJci was filtered off, except, of 

4a\\abf ^tandardix«^#^ ^ ^^^asured and weighed amount 

&VXXa 'W^^ pxeciT^*^^ Solution of strontium bromide. 

sulphuric acid, wSf^ .^"^ ^^ ^^^ f ^^^^ 
mixtuie. TUese^i ^*:°^"^ *^^ '^'**^„*°r''^ 

asbestos f elte, altVxo^'^l***^ TT ^"""T^ T'f 
filtrat." *^^*^o\igix their gelatmous character de- 

. J^^^'^tia.t, and thus the drying and burning 

paper with the possible danger of loss by reduction 

^-,^ ^ . **^"^J^8 paper was avoided. Series II gives 

8 ot a single treatanent, and it will be seen that there 

i^tly a slight contamination of the barium by the 

^vmi wYuch wliero the latter is present in large quantities 

es the solubility of the barium (0.0018 grm. on the 

Wnere the amounts of strontium taken are small 

v>i uanvuix due to solubility appears. 





0.1228 

o.iaa7 

0.1224 
0.1217 

o.iaie 

0.0974 
O.0O71 
0.0970 
0.0411 
0.0243 





SERIES XL 






X> f oond. 


Sffot. 


BrOtakn. 


giOfoand. 


Bnpor. 




gnn. 


fUD. 


ipm. 


fpncL 


0.1226 


0.0008- 


0.1070 


0.1065 


0.0005- 


0.1231 


0.0004+ 


0.1074 


0.1069 


0.0005- 


0.1328 


0.0004+ 


0.1070 


0.1067 


0.0008- 


o.iaoi 


0.001^ 


0.0364 


0.0872 


0.000S+ 


0.1222 


0.0006+ 


0.0188 


0.1124 


0.0009- 


O.O970 


0.0004- 


0.0719 


0.0721 


0.000^ 


0.0973 


0.000^h 


0.0780 


0.0727 


0.0008- 


0.0971 


0.0001+ 


0.0718 


0.0716 


0.0002- 


0.0890 


0.0021- 


0.0866 


0.0885 


0.0020+ 


0.0284 


0.0009- 


0.1072 


0.1072 


0.0000 



^exies 111 gives the result of a double treatment. In this 

<^iexie8 the contaTninating effect of the strontium salt disappears 

^haost entirely, leaving a deficiency of about 0.0026 grm. on 
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the oxide to be added to the barium, and a corresponding 
amount of sulphate (0.0040 grm.) to be subtracted from the 
strontium sulphate before calculating it to the condition of 
the oxide. The manipulation is the same as that outlined 
for the single treatment, as far as the completion of the first 
boiling. At this point the amyl alcohol containing most of 
the strontium in solution was decanted upon a weighed and 
ignited felt and collected in a beaker placed to receive it 
The residue of barium with traces of strontium was then 
dissolved in a few drops of water, a drop of hydrobromic acid 
was added, and the boiling was repeated with another portion 
of 10 cm' of amyl alcohoL Upon reaching the boiling point 
of the alcohol the beaker was removed, and the barium salt 
was filtered upon the felt through which the first portion had 
been decanted, and treated as before described. 

6EBIES m. 





BtOtakan. 


BaOfoand 
(ooneoted). 


Xrot. 


BrOttkni. 


BrOfoand 
(conectad). 


JEWuK* 


\v 

(4) 

W 
(0) 

(8) 


0.1212 
0.1216 
0.1220 
0.1212 
0.1219 
0.1211 
0.1819 
0.0496 


gnn. 
0.1219 
0.1219 
0.1221 
0.1220 
0.1221 
0.1218 
0.1819 
0.0492 


glUL 

0.0007+ 

0.000^ 

0.0001+ 

O.OOO&f 

0.000^ 

0.0007+ 

0.0000 

0.0004- 


gniL 
0.1068 
0.0868 
0.0868 
0.0868 
0.0861 
0.1126 
0.0677 
0.0674 


gnu. 
0.1071 
0.0869 
0.a347 
0.0868 
0.0864 
0.1116 
0.0686 
0.0679 


gnn* 
0.000fr+ 
0.0001+ 

aoooe^- 

0.0005- 
0.0007— 
0.0010- 
0.0009+ 
0.0006+ 



The method is rapid, and while the correction to be applied 
owing to the solubility of the barium salt is large, it is so 
definite that it cannot be objectionable. 



ON THE DETERMINATION OP IODINE IN 
HALOID SALTS BY THE ACTION OF 

ARSENIC ACID. 

By F. a. GOOGH amd P. B. BROWNING.* 

Thbeb years ago we demonstrated f the possibility of deter- 
mining iodine in mixtures of alkaline chlorides, bromides, and 
iodides, with rapidity and exactness, by taking advantage of 
the behavior of arsenic acid toward the haloid salts in presence 
of sulphuric acid of definite strength. We showed in brief, 
that when amounts of potassium iodide ranging from 0.005 
gim. to 0.5 grm. were dissolved in 100 cm^ of water contain- 
ing 2 grm. dihydrogen potassium arseniate and 20 cm' of a 
mixture of sulphuric acid with water in equal volumes, the 
entire amount of iodine was expelled on boiling down the 
solution from 100 cm' to 85 cm' ; and further, that arsenic, 
reduced to the arsenious condition to an amount the exact 
equivalent of the iodine liberated, remained in solution and 
was determinable, after neutralization of the acid, in presence 
of an alkaline bicarbonate, by titration against standard iodine 
according to Mohr's classical method. We studied carefully 
the behavior of alkaline bromides and chlorides under identical 
conditions, and determined that 0.5 grm. of potassium bromide 
acted upon the mixture of arseniate and acid to the extent of 
reducing arsenic equivalent to 0.0008 grm. of iodine, and that 
0.6 grm. of sodium chloride did not reduce arsenic but did 
cause, under the conditions, a volatilization proportional to 
the amount of arsenious oxide present, the loss amounting at 
the most — when 0.56 grm. of tiiB iodide was present to exert 
its reducing action upon the arsenic — to 0.0011 grm. We 

* From Am. Jonr. 8cL» idr, 884. 

t Am. Jonr. ScL, xxzix, 188. This rolume, p. 1. 



^^ ^ -^W" OJ- IODINE IS HALOID SALTS 

^ «A*^*'*^^^^^ *^^t!!* *^^^ maximum errora, due to the 

\it.^ 0S ^ ^r**er wlien both bromides and chlorides 

S^ **0 ^e "***^ ^y *^« appUcation of a numeri- 

^^<.\s.ot* ^o(.«^^^^** whenever the amounts of bromide 

r^^« ^^^- ^^"""^^ ^"^ 

^^E^acw'^I^'S Ti^®*^^ and Meyer* have recognized the value 
1 oMi T6BC^io** *^ applied it to the elimination of iodine 
'twim Bax.tttto8 oi haloid salta. They have, however, taken 
issue wi^ >JS C^^^visedly, as we think) aa to matters of 
detail. T\iey have, in the first place, put themselves upon 
record as b^ng unable to titrate arsenious oxide by iodine in 
a&a^e Bolution under the conditions of our process. They 
account for theix failure hj the wholly unsupported hypothesis 
that the iodine reaction is unavailable in [absence of the 
amounts of salts present, and modify tiie treatment by distil- 
ling, collecting the iodine in the distillate, and determining it 
by the thiosulphate method, thus introducing complexity of 
apparatus and manipulation, and sacrificing the simplicity and 
rapidity which are chief advantages of our process. Had they 
read our paper with intelligent care it must have been evident 
that we had given special attention to the question of the 
influence of the salts present upon the iodine reaction ; for we 
expressly stated that " due collection was made for the amount 
of iodine necessary to develop the testKsolor in a solution 
prepared and treated similarly in all respects to the experi- 
mental solutions excepting the introduction of the iodide — 
the correction amounting to a single drop more of the deci- 
normal iodine than was reqiiiied to produce the end reaction 
in the same volume of pure water containing only the starch 
indicator." It is obvious that such errors as 0.008 to 0.006 
grm., which Friedheim uid Meyer found even in the absence 
of bromides and chlorides, are not explicable by the action of 
the salts which we ueed. Our errors ranged under like 
conditions from 0.0009 grm. — to 0.0003 grm. +, with a mean 
error in nine determinations of 0.0002 grm. — . 
■ Zeittchr. mo^. Chem., I, p. 40T. 




^fflON OF ARS^hriQ, 



0^^^ . _..:„^.^ "-^^- 176 

0^^":^ presence oi coxx^W^*^ ?*^ost deUcate 

but 



^ the staxchio^de. t^^^ 

^il^'y Mtio^ *^Sg awenioua oxi^^ ^^^^ iodine, 1 
acid ^1^!, of *^*^^xtioni6 8ufficW«^^ iodine a^ 



DotieJ' 
jt^-Tm of tb^ "^^ «»»^ "^oJ^ "^®**^^^^. ~V***^"«^ titrated are 



5^«hr'8fl»«**^!;0jlt»^®2y that the alkali ^ ^^^^ate f or veiy 

-anotiei-^^vided ^ ^t the staaxi^ ^!^ ^^cess is in the 

t wor^ Zte^^^^^ vol^n^es oi R,^_^^?^sioti is used in 



'^^7^e ''^r that ti^e 



L„pjrtJ «> j ^«^« '^ ° „ef er been oxiTt^^*^ ^^^ "^ "* 

xjSemt ffi**^ 0*=*' ®^^ -10* "^ ^e co-.^,^ Fnedheun and 

^ vVriC^^ *:»^»*» ^ vkflline "K^-:. ^*^ iiitrates as to be 
Bi^,^«>° V^a ^*^,''*Sc^^S'^^^^^eB too impure to 
^"^fr^ ^^^ytical P^^2!! ^^^xxd for their exactness 
tjufit ^<" «,^^^ proper tna-*^ "*^ » oxtrs is no exception to the 

-ttpo* ^l-a re^^^*"^^ °^ v-^i^*'^^ ^"^sustion there appears to 
tSe i« **Se o<^^oi opimon ^^J^^xx :p,riecaieim and Meyer and 

^"^Z^^^f^ ^»^«' ^t^ST' "^^^^^ the pains, perhaps 

^nodiSe^V^^ make e*^™®*^^ ixi >vhich the estimation 

oTjiaeV®*- .^, '^^e same ideii^cal i>oxtions is effected both in 

vi»»«**fS *^0,a ^ ^® reSMi^e, ux ox^er that the two modes 

ol ^« '^«s ^"^a-y ^ ^^""^ ^^ ^i^^t comparison. It is 



^ ^ *^otv ^*^ to ai* ^\^® toolc care to work with pure 
j,i est^^^^-»^^^to8»iw«^ lodMle, li^.^ that which we employed 
gcaiceVJ ^Yv^ iavestiga^**^ ^as prepared by acting with 
itvt»* _,c*-r _»„ an excess o-r i^^„ ™- .- off the 



teag®^ «ot<s^e5*^ e upo» *^ ®*°®®® o£ iron wire, pouring ol 
iji **^.wvea."^<^J^e iron ^^«^ ^^® color of iodine had vanished, 
TeS^": tJO^ nual to o»e-thiid th.© amount of that originally 
goVo.^**^.^^jaiw© ®^^ filtered hqmd into a boiling solution of the 
*^^^X50^^^ walent o* potoaai-aiii carbonate (from the bicai^ 
■ase^' ? <y5a. •^^Haring <>*^ *^® precipitated magnetic oxide of 



^ V ^^^\^' 



^^^'^^^ ^^-^ '^ V Vxilv alkaline solution thus made, containing 
^DOiO^^^^e **^| JjQ. of po*»8s^^»™ iodide in 100 cm«, and free 
^*°'^ -fSSS^ a V)T0O»^®' '^^ standardized by precipitating 
*8'^^ c^oii^** "^^j^ted portions in the form of silver iodide 
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and weighing upon asbestos. The other reagents — the sul- 
phuric acid, the sodium hydroxide, the acid potassium carbon- 
ate, the dihydrogen potassium arseniate — when present in 
the proportions used in our process, and mixed with 6 cm' of 
clear starch solution prepared by Grastine's* formula (6 gmu 
starch, 0.01 Hgis, 1 litre of water) gave the starch blue with a 
single drop of decinormal iodine at all dilutions below 800 cm'. 
The results of these experiments are given in the following 
table. 





fMllw 


lodhM 


lodhM 


Iodine 








takmln 


found in 


found in 


found in 


Xrrorin 


Krror in 




form of 


mtdoebj 
our method. 


diatOlAte 


dirtillAtoby 


leddne. 


iHirtfllatt 




KL 


bjAMfi, 


HftAOr 








(niL 


fpnxkt 


pm. 


gnn* 


gnn* 


(nn* 


Si 


0.4054 


0.4062 


• . • 


• • « 


0.0002- 


• • • 


0.4067 


0.4066 


• • • 


. . • 


0.0002- 


. • • 


8 


0.4064 


0.4062 


• • • 


• • * 


0.0002- 


a • . 


4 


0.4064 


0.4062 


. • • 


• * • 


0.0002- 


• • . 


6 


0.4042 


0.4046 


0.4046 


• • • 


0.0004+ 


aooo4f 


}« 


0.4060 


0.4062 


0.4040 


• • • 


0.0002+ 


0.0010- 


(7) 


0.4060 


0.4062 


• • • 


0.4089 


aooo2+ 


0.0011- 


8) 


6.406S 


0.4062 


• • • 


0.4061 


0.0005- 


0.0007- 


0) 


0.4064 


0.4046 


• * • 


0.4061 


O.0O0B- 


0.000&- 


(10 


0.4042 


0.4046 


• ft « 


o.4oao 


0.000^ 


0.0008- 


u 


0.4066 


0.4062 


« « • 


0.4067 


0.000S- 


aooo2+ 



Experiments (1) to (4) were made exactly in accordance with 
the directions of our former paper, the mixtures being simply 
boiled in an Erlenmeyer flask, trapped to prevent mechanical 
loss by hanging in the neck of the flask, with the larger end 
downward, a straight, two-bulbed drying tube cut off so as to 
leave the larger tube about 4 cm. in length.! These four 
experiments all gave the same result, which differed from the 
theory by 0.0002 grm. — . The mixtures of the remaining 
experiments were treated in a flask coimected with a cooled 
receiver and absorption tubes for condensing the distilled 
iodine (all joints being of glass and carefully ground), and 
carbon dioxide was passed through the apparatus in slow 
current to facilitate the transfer of iodine and quiet boiling. 
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t See Fig. 1, p. 12. 
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litaaa '*^p«rim»t» /T^^^l^ *^«^^'' la,g» nurses 

•*<! ^-*^noe tore ^ "^ *»-^for .^"~ " *" '""«=> 

-mtk «'* „.a^ ^4„ not dottW that B-ri^Iv,*?^ "»'« <=<""ement 
>i* V'^mllJ gooa«««lt8 Ixal^""" »-^M.yer could 
Vi"! . i ^=,*1™"J' "^ they worked wiUi pure 

1^» oW*"^ , «„g, as'S'^ee ■with 

««"'* .„ »**;r„i Ae liQ-^ "<»Ba^L!" alBo a, to tie degree 

.coo*"'*^*.*^'^ r "wJVntB » '='*E««t of the eoncentretiou 
Hautt""'* »• "" r^t»T rt? ^^th Bulphurio acid and lie 

^,o\»»° lil'"* ^rL Sf °°'°' "' '"^ '«li"« ta tie 

^1^ •S-^l ^oe"""'"'"!! °^^ P"^"' todetecteombiued 
t^cee^oVSb" '"'^TIZ.T^ *" ■°™ "'tout, dilutiou 
'!^- *^of *« couoenteation t» the fomer ooint l«n^ t„ 

"^ {jee *° , ^id most convenient top tie 
oS*' 




matter ot <?«=»• -j_e,e »«enZ °« tie . " 
tomd that «r -^^.S* W°1*°'»«C*" 

at S6 J-^.-^-* ''vSto^e, ^» .^^°"' 

gnn. of lodiae- „.rfTVvt» .^otm^ ^o ^ 

L„a..ly«nal3«-^ tft^„ *"" ■S.t ""^ «>' 

S6 cm' ™ Ukei..>^ ^„ '^'°*"0bV '"'«= 

upon 35 cm«, tb«»XTe»-f -o^' « U, ;^« of ^ 

iodimo from mxkr» <^ '**^. °"»«ana . °°Uc 

but expressly s(»t*5** TT* 4i/iu. r""! oi 

mtroduoes m app^x'^^'"^'' en^r ^ Oo J 

taken not to press ti»^ '""'«atB,L-'"''>ye 

of the danger of hTixi^t^ ^ «o^ . 

^ the bromide. ^a »^ 

Friedheim and Mey^'' *'<'ntencj jt 

under the conditions afcfiJd not jT** tK 
'!'« fOBt, and oil, in pi-oot n^t>t^^ 
bromide m amount, JeM fefaan half ^«»6^^^ 
"»»doau8«lanemroa co«''«'«'atI^ %^ 

"Pon these pomu. ^ h»-»'«' ^o J*** ftiC^" Wt4„,„ "^Uia^ 

when soInUoM a„,b„a " :0. ISo^e ^*'»'»UaeS J*"^"* 
mcertameiperimeate fa •SSJ'^ "»B ^**'' fc >»««■ ,f^ *«oOjr 
- concentratmgi^;"-^. to 8^*tt/° °«f ^"?°«ei^ 
potassium iodide and estil..^^ "*«. ef. o^,'"""^ 'oS6,^*>Ur«4 
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about O.W ^^^_;]ly taken, and O.OOoa ^'^ ^rm- o£ potassima iodide 

fftts oTJgm^ present at tlie fix^^ S^^m. when 0.26 gnn. of the 

odide vra*- ^^jp t^ 50 (.m* \a xiot ^*' ^^ evident, therefore, that 

■oncentaat^;^^ :5odide may be pTeap. ^^^^cient when the maximum 

— '^""t n^E- —^ji — «i„«wi.,^ be\o-%w ^JVehave also made certain 

*ii.cer»-*-Zr~ *^^ "Which the bromine liberated 

^ . , ^^'^•tioii wae collected in potassium 

'Bs * , ^^^^i'ie set free. In oar former 

. , "''i^DQine from the effects upon the 

^" In these experiments solutions 

Vtree trom iodine), with 20 cm' of 

^ ' ^'^^ 2 grm. of dihydrogen potassium 

*iO-w-n. in a flaak connected by ground 

'Oieo. Teceiver cont^ning potassium iodide 

Ixee -w^s estimated by standard sodimn 
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IldtU 


Tio$i 




4- 


'VQlnue. 




diMUirt^ 


\ 


<nD> 


CD^ 


gnu. 


\ 


(160 


60 


trace. 


I 


M 


40 


trace. 


\ 


40 


se 


0.0004 


\ 


60 


SI 


0.0010 


' 


81 


26 


0.0004 




26 


23 


a0072 




46 


40 


None. 




40 


31 


0.0004 




81 


27 


0.0010 




60 


SG 


0.0008 




60 


80 


0.0008 



lults, which confirm very closely those obtained 
on of the residues and recoided in our former 
.ent that the concentration may go under the 
le coDditiona — when the maximum amount of 
sent — to 40 cm' without loss and to 35 cm' 
As we stated in our former paper, concentrsr- 
im' should be avoided. 

.er paper we showed that the iodine could be 
inknown mixtures of sodium chloride, potassium 
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tbese salts imgUDe»Ppl*«^,^ilioL^^«°o ibJ tbr ^"^ 

errors to 0.0010 grm.^ ^^ ^•000^'*°^ ^«ce ^,1 r.*""' °^ 

error oi 0.0001 gnu.- for tv^e^t^"? ^+, and Jv^^^"^ 

In conclusioti we affirm the cor^Jf ^^""^Hols * ""^ 

and rdtorato onx former ^^o^^Z1^<>--^^ -ork 
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--***-A^ ^- BROWNINO.* 

ntB, tliat free "K^ ^^ ^ *" *" interesting senes of 
^ . . **y*«ocliloric acid even in laige quan- 

sul h te ^^^ ^^^ ^'^ complete precipitation of 

cess, 'hi- ^*^®^ stdphuiic acid is present in suffi- 

S ih« * ^^**^^^ Tendere the precipitate more ciystal- 

eretore more easily and quickly filtered, suggested 

V- ^ ^ of experiments having as their object an 

^°~ "^^ influence of free nitric acid on the same 

^T^^n,*"*^?^ i"^*""™ •"■'-"^ ''t*""""' 

Auiiiar eSeot to that brought about by hydrochloric 
=^te^^^^^^ *^^ crystalline form and rapid settling of the 
pitate. Xt therefore remained to determine whether the 
^^o. present; liad any solvent effect upon the precipi- 
— -tvccordingly a standard solution of barium nitrate was 
T^arecl, free from alkali, by precipitating a soluble barium 
^ 'witih. ammonium carbonate, washing thoroughly with 
ti 'water and. dissolving in nitric acid, care being taken to 
Old an excess of the acid, and making up to measure. 
ennite portions of this solution were drawn from a burette 
connterpoised beakers, and weighed as a check on the 
reading. Several precipitations of the barium in the 
orm of snlphate were made, both in the presence of free 
-%:>:ydrochloric acid and in neutral solution, and the mean of 



* From Am. Jour. ScL, xlr, 899. 

t Am. Jour. 8cL, xl, 288. This Tolmne, p. 88. 
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oloBely agreeing determinations was taken as the value of the 
standard solution. The mode of procedure in the testing 
was simple and may be outlined as follows : Into a counter- 
poised beaker a definite amount of the standardized solution 
of bariiun nitrate was drawn and the weight taken as before 
described, the amount of nitric acid to be used was then 
added, and the whole volume brought up to 90 cm* by the 
addition of water. This acid solution was then brought 
to the boiling point and 10 cm* of the dilute sulphuric acid 
added, and the whole was allowed to stand for the length of 
time shown by the table before filtering on asbestos, igniting 
and weighing. It will be seen that the total volume of 
liquid taken in each determination was uniformly 100 cm^ 
the percentage of acid by volume being thus easily regulated. 
In no case did the amount of barium salt present exceed 
0.4 gm. considered as the sulphate, and consequently the 
uniform amount of 10 cm' of dilute (1 : 4 by volume) sul- 
phuric acid employed was always enough to assure the excess 
which Fresenius* has shown to be necessary in the precipita- 
tion of barium as the sulphate in the presence of hydrochloric 
acid. By reference to Series I it is evident tiiat in the 
presence of five per cent of nitric acid very littie solvent 
action is shown, and it appears also that the sulphate may 
be safely filtered after an hour's time. In the presence of 
ten to fifteen per cent of the acid the solvent effect is very 
small when the solution is allowed to stand six hours or 
more. With twenty to twenty-five per cent of acid present 
we find the solubility to be slightiy increased, but even then 
the average loss is less than 0.001 grm. 

Having shown that free nitric acid even though present in 
considerable amount has only a slight solvent influence upon 
barium sulphate, it seemed interesting to try the effect of 
the combination of nitric and hydrochloric acids mixed in 
the proportion to form aqua regia (8HC1 : IHNOg). The 
experiments recorded in Series II show that aqua regia has 
even less effect as a solvent than nitric acid alone. In &ct 

• Zeitichr. anal. Chem., xzx, 466. 
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it seems to act like hydrochloric acid alone, which practically 
has no solvent effect, as shown by Mar's work previously 
cited. 

SERIES L 



[1] 



BiB04 

lent to 



0.2640 
0.2480 
0.2406 
0.2402 
0.2486 
02400 
0.2666 
0.2638 



Ba80« 
touud. 



0.2886 
0.2488 
0.2489 
0.2482 
0.2488 
0.2490 
0.2646 
0.2684 



in 
tennt 

of 
BiBO«. 



0.0004- 

0.0006- 

0.0006- 

0.0010- 

0.0008- 

0.0000 

0.0009- 

0.0004- 



0.0006- 

0.0002- 
0.0006- 






( 



Tfme be- 
tween pr^ 

ttiiMuttlon 

andiUti*- 

tton. 



12 

12 

12 

12 

6 

6 

1 

1 



Per cent 
byTolome 
of fcrong 



6 
6 
6 
6 
6 
6 
6 
6 



ToCel 
▼olimie. 



100 
100 
100 
100 
100 
100 
100 
100 



[10 
12) 

hz) 

14) 
161 
16 
17 



0.4067 


0.4067 


0.0010- 


■ 




12 


0.2640 


0.2683 


0.0007- 






12 


0.2402 


0.2489 


0.0008- 




0.0006- 


12 


0.2408 


0.2488 


0.0006- 






12 


02404 


0.2488 


0.0006- 






12 


0.2402 


0ii492 


0.0000 


) 


6 


0.2400 


0.2489 


0.0001- 


> 0.0002- 





0.2489 


0.2484 


0.0006- 


1 


6 


0.2640 


02624 


0.0016- 




0.0016- 


1 



10 
10 
10 
10 
10 
10 
10 
10 
10 



100 
100 
100 
100 
100 
100 
100 
100 
100 



02629 


0.2616 


0.0014- 


1 




12 


02684 


0.2622 


0.0012- 






12 


0.2638 


02681 


0.0002- 




►0.0007- 


12 


0.2638 


02682 


0.0006- 




12 


02497 


02490 


0.0007- 






12 


0.2480 


02487 


0.0002- 






12 


02642 


0.2628 


0.0014- 


i 


6 


0ii486 


02486 


0.0000 


> 0.0006- 


6 


0.2402 


02487 


0.0006- 


) 


6 


0.2647 


02682 


0.0016- 




0.0016- 


6 



16 
16 
16 
16 
16 
16 
16 
16 
16 
16 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



(28) 

80) 

81] 

(82 

(88) 

(84) 

(86 



0.2489 
02486 
0.2648 
0.2648 
02496 
02630 
0.2488 
0.2407 



02478 
02476 
0.2646 
02642 
0.2486 
02627 
02476 
02497 



0.0011- 
0.0011- 
0.0002- 
0.0006- 
0.0010- 
0.0012- 
0.0013- 
0.0000 



0.0008- 



0.0008- 



12 


20 


12 


20 


12 


20 


12 


20 


12 


20 


6 


20 


6 


20 


6 


20 


12 


26 


12 


26 


12 


26 


12 


26 


12 


26 


12 


26 


12 


26 


6 


26 


6 


26 



100 
100 
100 
100 
100 
100 
100 
100 



44] 



02486 
02491 
O2404 
0.2688 
0.2402 
0.2487 
03414 
0.2480 
02486 



02477 
02490 
02484 
02686 
02484 
0.2471 
O3407 
0.2481 
02478 



0.0000- 
0.0001- 
0.0010- 
0.0008- 
0.0008- 
0.0016- 
0.0007- 
0.0008- 
0.0007- 



OX)O0S- 



1 0.0007- 



100 
100 
100 
100 
100 
100 
100 
100 
100 
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SERIES n. 



(1) 
(2) 
(8) 

(6) 
6) 




0.2539 
0.2540 
0.2490 
a2491 
a2488 
0.8419 



BiBOa 

found. 



fpnxk* 
0.2584 
0.2688 
0.2490 
0.2492 
0.2484 
0.3421 



In 

tannsof 
Ba80« 



0.0005- ) 
0.0002- J 
0.0000 ) 
0.0001+ ) 
0.0004- J 
0.0002+) 



gnu. 
0.0002- 

0.0001- 




hoiizs. 
12 
12 
12 
12 

6 

6 



Parcantby 
TolnmBof atroof 



(8H01 : IHHOa). 

5 
6 
6 
6 
6 
5 



I 

1 



cni' 
100 
100 
100 
100 
100 
100 



[7) 
8) 

[9) 
(10) 

:n) 

12) 
18) 



0.2491 


0.2487 


0.0004-1 






12 


0.2486 


0.2482 


0.0004- 




0.0006- 


12 


0.2549 


0.2539 


0.0010- 


k 


12 


0.2548 


0.2588 


0.0005- 






12 


02487 


0.2485 


0.0002-1 
0.0001- ] 


0.0002- 


6 


0.8416 


0.3415 


6 


0.3417 


0.8420 


0.0003+ 




0.0008+ 


1 



10 
10 
10 
10 
10 
10 
10 



100 
100 
100 
100 
100 
100 
100 



(U) 
(15) 
(16) 
(17) 
(18) 



0.2547 
0.2492 
02489 
0.3412 
0.8418 
0.3418 
0.8411 



0.2544 
0.2492 
0.2479 
0^12 
0.d417 
0.3412 
0.3402 



0.0003-1 

0.0000 

0.0010- 

0.0000 

0.0001- 

0.0001- 

0.0009- 



• 



0.0003- 

O.OOOl- 
0.0009- 



12 

12 

12 

12 

6 

6 

1 



15 
15 
15 
15 
15 
15 
15 



100 
100 
100 
100 
100 
100 
100 



(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 



0.2492 


0.2484 


0.0008-1 






12 


0.2486 


0.2480 


0.0006- 




0.0006- 


12 


0.2491 


0.2485 


0.0006- 




12 


0.8412 


0.8411 


0.0001- 






12 


0.8417 


0.8418 


0.0001+ 


► 


0.0000 


6 


0.3417 


0.3417 


0.0000 


6 


0.8414 


0.8404 


0.0010- 




0.0010- 


1 



20 
20 
20 
20 
20 
20 
20 



100 
100 
100 
100 
100 
100 
100 



(28) 
(29) 
(30) 
(31) 
(82) 
(83) 
(34) 



0.2491 
0.1701 
0.1708 
0.1710 
0.8415 
3418 
0.8412 



0.2485 
0.1697 
0.1705 
0.1710 
0.3410 
0.8418 
0.3405 



00006-1 

0.0004- 

00008- 

0.0000 , 

0.0005-1 

0.0000 J 

0.0007- 



0.0008- 

0.0003- 
0.0007- 



12 

12 

12 

12 

6 

6 

1 



25 
25 
25 
25 
25 
25 
25 



100 
100 
100 
100 
100 
100 
100 



In this connection I append the results of a few experi- 
ments made to determine the effect of the presence of a 
considerable amount of free nitric acid, on the precipitations 
of barium as sulphate in cases where certain substances are 
present which imder ordinary conditions tend to hold up the 
precipitate. Fresenius* has demonstrated this property in 

* Zeitschr. anal Chem., ix, 62. 
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granular ciystals. The crystallized sulphate was warmed 
with a little water contaiDing a drop of sulphuric acid, 
filtered upon an asbestos felt contained in a perforated plati- 
num crucible, the crucible and felt having been previously 
ignited and weighed. 

The results show that in the presence of nitric acid 
amounting to one-tenth by volume of the entire liquid these 
salts exert no apparent interference with the precipitation of 
the barium. 

The entire work would seem to show that the presence of 
an excess of nitric acid or aqua regia amounting to ten per 
cent by volume of the liquid treated la not only not to be 
avoided in estimating barium as the sulphate, but is actually 
beneficial. Ordinarily the advantage is found in the ten- 
dency of the precipitate to fall coarsely crystalline under 
the conditions. In certain special cases in which certain 
substances mentioned, which would otherwise exert solvent 
action, are present, the precipitation is made complete. The 
contanunating effect of such substances when complete 
precipitation is induced may be corrected by dissolving 
the precipitate in sulphuric acid and recrystallizing by 
evaporation. 



XXIV 

ON THE TREATMENT OF BARIUM SULPHATE 

IN ANALYSIS. 

By J. L PHINNEY.* 

In a recent paper by M. Ripper f entitled "BeitrSge zur 
Gewichtsanaljse der SchwefelsSure " the method discussed is 
the precipitation of barium sulphate from an excess of the 
chloride, and differs from similar methods only in the manner 
of purification of the precipitate. Purification, according to 
Ripper, is accomplished by oxidizing with bromine water 
whatever sulphate may have been reduced by the ignition 
of the filter, then treating the entire precipitate with dilute 
hydrochloric acid until the impurities are removed. In the 
course of his investigation Ripper made the attempt to 
eliminate the possible source of error in the reduction of the 
sulphate by the use of the asbestos filter-crucible, but find- 
ing it impossible to bring asbestos to a sufficiently constant 
weight either by itself or when treated with dilute acid, he 
abandoned it as impracticable, and substituted the treatment 
of the reduced precipitate with bromine. Ripper accepts 
without investigation the old method of purifying barium 
sulphate by hydrochloric acid. 

Inasmuch as the asbestos crucible has been employed suc- 
cessfully even in processes so delicate as atomic weight 
determinations, sufficient confidence was felt in it to warrant 
testing by its use the accuracy of the hydrochloric acid 
process of purification, in this way reducing the necessary 
manipulation and completely avoiding the introduction of 
bromine. Furthermore the recent work done in this labora- 

• From Am. Jour. ScL, xlr, 468. 
t Zeitschr. tnorg. Chem., ii, 86. 
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toiy by Mar and Browning* on barium Bulphato depends 
for its validity upon the practical atilit^ of this means of 
gathering and weighing barium sulphate. Accordingly the 
following preliminary series of experiments were undertaken 
with a view of discovering under what conditions and how 
tar the asbestos crucible could be depended upon in quanti- 
tative methods as applied to the estimation of barium as 
sulphate. In Series I the crucible with a felt was ignited 
to bright redness for different periods of time and weighed, 
then washed with hydrochloric acid, both cold and hot, 
ignited, and re-weighed with results as shown below. The 
crucible used was finely perforated and furnished with a 
cover and cap, and the asbestos was prepared as directed 
by Gooch,t in his original paper. A felt weighing 0.0258 
grm. was thrown upon the crucible, washed thoroughly 
with distilled water, dried, ignited, and weighed In less 
than twenty minutes. The formation of blisters due to 
rapid generation of steam was easily avoided by gradually 
increasing the temperature from a gentle heat. A second 
crucible with a felt weighing twice as much (0.0441 grm.) 
was ignited at low redness for equal periods with similar 
results. 

8EBIES L 



aim* of 




Tlmaof 


WdgW 


IgniUon. 




lg.dtl«L 




mln 




mfn 




2 


0.0368 


10 


0.0268 


2 


0.0268 


10 


0.0268 


8 


0.0268 


20 




6 


0.0268 


20 


0.0268 


6 


0.0268 


80 


0.0268 



The same felt was washed with 20 cm* of a twenty-five 
per cent solution of hydrochloric acid, then treated with 
5 cm*, 25 cm* cold, and 25 cm* hot concentrated acid respec- 
tively, and suffered in no case the 'slightest diminution in 
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weighty constant weights being secured after an ignition of 
two minutes. Finally, as a matter of curiosity rather than 
because of its practical bearing, the felt was digested in the 
crucible for fifteen hours in concentrated acid, washed with 
100 cm' distilled water, and even then lost but 0.0001 grm. 
The stability of the asbestos under the foregoing treatment is 
remarkable. An excessive ignition for nearly two hours at 
bright redness gave no appreciable change, while in the last 
experiment the trifling loss may perhaps be accounted for by 
mechanical disintegration. 

8EBIE8 n. 



(1) 

(2) 
(8) 



B«CL^2H^ 



0.6071 
0.6022 
0.6007 



Time of 
ignition. 



min. 
10 
120 
10 
20 
6 
6 






Ba804 
found. 



Bnor* 



0.4S48 
0.4799 
0.4783 



gno. 
0.0003+ 

0.0001+ 

0.0001- 



TrMtmeot 
withiMjid. 



( 4-^ drops Ha 
( 4-6 drops Ha 

4-6 drops Ha 

4-6 drops Ha 

100 cm* 

8 per cent Ha 



Weight 
After 

tvetttSDMlt. 



griu. 
0.4846 
0.4846 
0.4796 
0.4798 
0.4761 



0.0008 
0.0000 
0.0003 
0.0008 
0.0082 



In Series II, barium sulphate brought to a constant weight 
was treated with acid on the felt without difficulty — in the 
first two cases with a few drops of dilute hydrochloric acid 
followed by 10 cm^ of distilled water, in the third with 
100 cm* of a three per cent solution of the acid — though 
Ripper raises the further objection, that upon ignition the 
precipitate becomes so firmly attached to the felt that it is 
nearly or quite impossible to make a thorough treatment 
with acid. In experiments (1) and (2) no attempt was made 
to pulverize the precipitates, but in experiment (8), as also 
throughout Series III, on moistening with a few drops of 
water the sulphate was easily and completely disintegrated 
by a glass rod into finely divided particles. This difference 
in treatment explains, at least in part, the large difference in 
the results of the table. 

The filtrates in experiment (2) gave with an excess of 
sulphuric acid slight unweighable precipitates, but from the 
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filtrate of experiment (3) O.OOSO gnn. of the sulphate were 
recovered. The difliutegrated residue from ezperiioent (2) 
(0.4793 grm. BaSO*) waa next treated under precisely Uie 
aame conditions as in the last preceding experiment, except 
that in this solution there was present dilute sulphuric acid 
amounting to five pet cent of the entire volume, an excess 
sufBcient to keep the hatium in the form of sulphate.* In 
this case there was no loss in weight, nor did the filtrate 
contain any harium. 

This work completely demonstrates not only that strong 
hydrochloric acid has no effect upon the film of asbestos, 
but also that hariom sulphate when thrown upon it may be 
brought to a constant weight either by itself or after treat- 
ment with dilute acids, and incidentally that the requisite 
excess of sulphuric acid must he present to counteract the 
solvent effect of the hydrochloric acid. That Ripper failed 
to secure constant weights is probably due to unfamiliarity 
with the proper sort of material to be used. 

In view of the facts thus far ascertained the next step 
was to purify the sulphate, if possible, by the means already 
referred to in the begimiing of this paper. The contami- 
nating salts chosen were potassium chlorate and sodium 
chloride, as those most likely to present a fair test of the 
efficacy of the process. The following precipitations were 
made: 



H* 


B.OJ^^ 


SS3! 


■tnt. 




1. 

2. 
8. 

4. 
6. 


0.6008 
0.6014 
0.6OO7 
O.G001 
0.6018 


oIgmq 

0.4990 
0.4080 
0.6185 
0.4678 


gnn. 
0.0224+ 
0.0198f 
0.0190+ 
0.0384f 
0.0190+ 


Kao» 8 

KCIO* 8 
N.a. 10 

N«a, ao 

KCIO, S 



By reference to the following table iu which the records of 
treatment of these precipitates are given in their numerical 
order, it will be seen that the action of hydrochloric acid in 

* FreMniiu, Zeitachr. anal. Chem., tttt, 455, 
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the piesence of sulphuric acid is to remove only from 70 to 
90 per cent of the total impurity, and that, while it is possible 
by repeated treatments with dilute hydrochloric acid alone to 
so reduce the weight that there may be little or no apparent 
error on the original determination, the large percentage of 
sulphate dissolved at the same time condemns its use in 
accurate analytical work. 

8EBIE8 m. 



Ho. 


AoldsiiMd 
in total ToL 

of 100 em*. 
BCl H^4 


Dontlon 
of Add 

tfoatment 


LoMon 
twtmant 


Impnri^ 


MfBOUA FBOOrVTOa OT 

H^finflltnito. 


1. 


CBr 

8 
8 
8 
8 
8 
8 


cm* 
6 
6 
6 
6 
6 



SO 
16 
16 
16 
16 
16 


0.0176 
0.0012 
0.0012 
0.0000 
0.0008 
0.0031 


0.0049 
0.0087 
0.0026 
0.0026 
0.0022 
0.0000- 


None. 
Unweiffhable trace. 

0.0020 gnn. 


2. 


8 
3 
8 


6 
6 
6 


20 
20 
20 


0.0186 
0.0016 
0.0003 


0.0063 
0.0048 
0.0046 


None. 

M 


a 


8 

6 

10 

26 

60 


6 
10 
10 
10 
10 


SO 
20 
20 
20 
16 


0.0090 
0.0018 
0.0028 
0.0002 
0.0002 


0.0106 
0.0093 
0.0070 
0.0068 
0.0066 


None. 
« 


4. 


90 
90 


10 
10 


16 
16 


0.0200 
0.0009 


0.0124 
0.0116 


None. 


6. 


8 
8 






80 
80 


0.0146 
a0040 


0.0044 
0.0004 


0.0007 grm. 
0.0032 " 



Presenilis states * that barium sulphate impure from sodium 
or potassium chlorates may be completely purified by igniting 
tiie precipitate, moistening thoroughly with hydrochloric acid, 
evaporating to dryness and extracting with water, and that 
chlorides of these elements bring about no contamination. 
However, in the above series of precipitations the inclusion 
by the sulphate of sodium chloride and potassium chloride 
(left on ignition) was very marked, and accordingly four new 
precipitations were made, two in the presence of 10 grm. of 
sodium chloride, and two with an equal amount of potassium 

* Zeitachr. anaL Chem., ix, 62. 
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chloride as the contaminatiiig salt, in order to teat the degree 
of purification reached by Fresenius' process. The evapo- 
ration was made over a steam bath and hot water was used 
in washing. It was found an easy matter to remove the 
precipitates from the felts after igoitioQ by breaking up 
the caked mass with a glass rod by a rotary motion and 
gently tapping the crucible. After extraction the residue 
was thrown back upon the same felt, ignited, and re-weighed 
with results as below : 



a.^^ 



lauaMj baton 



"•^Itf^ 



B*80, + S01 



laynrl^ brim' 



Under the most favorable conditions an average of 0.0090 
grm. of the total impurity in a half-gram of the impure 
sulphate remained untouched, and in one case a retreatment 
diminished this amount by only 0.0004 grm. Slight pre- 
cipitates were recovered from the filtrates of II, the first 
weighing 0.0001 grm. and the second unweighable. 

We are forced, then, to the concluBW» *^**^ alkaline chlo- 
rides do contaminate barium sulphate thrown down in the 
presence of an excess of sulphurio &c^4* »»* ^*^ ^^^ process 
of purifying by hydrochloric acid d^^ ^^^ purify. It would 
seem therefore that the only goo^ jpe^ioi loi purification is 
either to fuse, according to Freaeto-rt&,'^^«'^^'^""^'^^"''**' 
extract and reprecipitato as aultjx^-te^ '^^ ^ evaporate irom 
solution in concentrated sulphuri^ i^i-*- ""°^*^ ^ 
• M«, Am. Jour. ScL, xli. ^^^ ,^J^*''*'^<"^A\, 
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ON THE lODOMETRIC DETERMINATION OP 

THE NITRATES. 

Bt heppolyte gruener.* 

Db Eokinck and Nihoul f describe a method for the iodo- 
metric detennination of nitrates, in which the decomposition 
of the nitrates is effected by the action of gaseous hydro- 
ohlorio acid, the gases evolyed being passed into potassium 
iodide ; but the method is a cumbersome one. In a former 
paper | a method was described according to which nitrates 
^were decomposed successfully and easily by a solution of 
manganous chloride in hydrochloric acid, the products of 
decomposition being passed into potassium iodide, and the 
liberated iodine titrated with sodium thiosulphate. The 
ease with which hydriodic acid has been applied in this 
laboratory as a reducing agent in the determination of 
arsenic, chloric and antimonic acids § has suggested its appli- 
cation for the same end to nitric acid, and tiie present paper 
is the account of attempts in this direction. 

ITie Action of Phosphoric Acid and Potassium Iodide upon 
Nitrates. — The decomposition of the last traces of nitrates 
in presence of potassium iodide and sulphuric acid does not 
occur except at very great concentrations, and, as at great 
concentrations sulphuric acid in presence of hydriodic acid 
itself liberates iodine, the use of sirupy phosphoric acid to 
bring about the required decomposition naturally suggested 
itself. Various attempts to simplify the process while still 

* From Am. Jour. Sci., zlri, 42. 
t Zeitschr. angew. Chem., 1800, 477. 

X Gooch and Gruener : Am. Jour. ScL, zliv, 117. This volume, p. 182. 
S Am. Jour. Sd., xl, 66 ; xlii, 220 ; zlii, 213. This Toiome, pp. 80, 73, 82. 
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and by titration of the contents of the receiver at the end, 
iodine to the amount of 0.0014 grm. was found to have been 
liberated, either by residual traces of air or by dissociation. 
The experiment was repeated, but in this case all the water 
used had been boiled immediately before the experiment, and 
here iodine to the extent of 0.0009 grm. only was found to 
have been liberated. The cause and remedy for this libera- 
tion of iodine are discussed presently. A series of experi- 
ments was performed to study the action of the reagents 
when nitrates were present. 

The method of procedure was as follows: The nitrate was 
taken for convenience from a solution of 5 grams in 500 cm' 
of water. The iodide was introduced dry or in solution 
according to the bulk of water allowable. This mixture was 
boiled a moment to drive out all air, the phosphoric acid was 
then added, and carbon dioxide was passed as described, the 
receiver containing the arsenious oxide and the trap being 
already in position. It had been found that all but a trace 
of iodine was caught in the first receiver, so that the rubber 

TABLE L 



bp. 


KNOs 
tnken. 


KI 

tiken. 


Water added 
to 10 em* of 
phoephorio 
add, up. gr. 


KNO. 
found. 


Bitot in 
KNO,.. 


Error in 
HNO^ 


SmImL 

a) 

(2) 
(3) 
(4) 
(6 

i 

i; 

(13) 


gmi. 
0.0006 
0.0010 
0.0020 
0.0060 
0.0100 
0.0100 
0.0200 
0.0200 
0.0200 
0.0200 
0.0600 
0.0600 
0.0800 


grm. 
0.2 
0.2 
0.2 
0.2 
0.2 

a2 

0.3 
0.3 
0.3 
0.3 

a6 

0.6 
0.6 


2 
2 
2 
2 
2 
2 
3 
8 
3 
3 
6 
6 
4 


gm. 
0.0000 
0.0012 
0.0021 
0.0056 
0.0098 
0.0103 
0.0216 
0.0192 
0.0206 
0.0206 
0.0496 
0.0409 
0.0298 


grm. 

0.0004+ 
0.0002-1- 
0.0001+ 

COOO&f 
0.0007- 
0.0003+ 
0.0016+ 
0.0008- 
O.OOOfrf 
0.0005+ 
0.0004- 
O.OOOl- 
0.0007- 


gun. 
0.0002+ 
0.0001+ 
0.0001+ 
0.0008+ 
0.0004- 
0.0002+ 
0.0010+ 
0.0006- 
0.0008+ 
0.0008+ 
0.0002- 
0.0001- 
0.0004- 


8«iM2. 

(") 
(16) 
(16) 
(17) 


0.0616 
0.0570 
0.1030 
0.1062 


1.5 
2.6 
1.1 
1.1 


1 
1 
1 

1 


a0682 
0.0648 
0.1061 
0.1197 


0.0066+ 
0.0078+ 
0.0081+ 
0.0186+ 


0.0089+ 
0.0046+ 
0.0018+ 
0.0081+ 
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stopper closing it could do no harm. When large amounts 
of nitrate were used the clots of solid iodine settling out 
in the receiver were dissolved by means of a crystal or two 
of potassium iodide. The solution in the retort was boiled 
until it was clear that all the iodine had distilled over, and 
usually until the boiling in the retort had ceased. It was 
found advisable to empty the retort so soon as it was cool 
enough, else the phosphoric acid became unmanageable. The 
retort after each experiment was washed out with ammonia 
and water. 

The results of these first experiments are shown in Table I. 

With one or two exceptions the results of Series 1 are 
fairly good. Those of Series 2 are very bad. The only 
essential difference between the two series is in the dilution 
of the phosphoric acid used. In the fiist series there is 
always enough water present to make the specific gravity of 
the phosphoric acid no higher than 1.6 for small amounts 
of iodide and nitrate, and lower than that number when 
these amounts are increased. The suggestion is obvious that 
dissociation of the hydriodic acid may occur at the boiling 
point of the stronger acid. According to Berthelot* aqueous 
solutions of hydriodic acid under pressure begin to dissociate 
at 276° or even under. The temperature of the retort at the 
end of an experiment was taken and found to be far beyond 
the range of a thermometer reading to 360**. It is evident, 
then, that under the conditions there should be opportunity 
for dissociation. Four experiments in which potassium 
iodide was treated with phosphoric acid, specific gravity 1.7, 
undiluted, gave of liberated iodine caught in arsenious acid 
0.0030 grm., 0.0044 grm., 0.0049 grm., 0.0030 grm., corre- 
sponding to 0.0008 grm., 0.0012 grm., 0.0013 grm., 0.0008 
grm. of potassium nitrate respectively. These results would 
account only in part for the errors noted, but they are in 
the same direction. Chapman f has found that concentrated 
hydriodic acid acting upon organic nitrates and nitrites 
reduces them not alone to nitric oxide but even in part to 

• Ann. Chim., lY, zz, 892. f Jour. Chem. Soc, zx, 166. 
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ammonia. The conditions of the experiments in Series 2 
approximate to concentration of the hydriodic acid, and the 
reaction that Chapman found probably takes place here to 
a limited extent. Concentration of the hydriodic acid then 
must be avoided, both to eliminate dissociation and excessive 
redaction of the nitrate. 

Therefore the plan was adopted of diluting the solution, so 
that the temperature and concentration should be effective 
in decomposing the nitrate, but should not bring about the 
compUcations just mentioned. A blank experiment made 
thus, 18 cm' of a solution of phosphoric acid of specific 
gravity 1.39 being used, gave of liberated iodine only 0.0004 
grm. corresponding to 0.0001 grm. of potassium nitrate. So 
that imder these conditions we may be assured that dissocia- 
tion occurs if at all to only a slight extent. In the following 
experiments, therefore, the nitrate is decomposed in presence 
of dilute phosphoric acid, the dilution and the quantity taken 
being included in Table 11. 

The iodine of (41) was collected in potassium iodide and 
titrated with thiosulphate. Series 3 requires little special 
comment. The experiments ran along smoothly, the manipu- 
lation was easy, the care required in watching very little, and 
the results are fairly satisfactory. The causes leading to the 
high results of Series 2 seem entirely eliminated by the dilu- 
tion. Series 4 is a direct continuation of Series 3, differing 
in the single point that larger amounts of nitrate are handled. 
These results with some exceptions are decidedly low. It 
appears that with a fair percentage of water present, as the 
amounts of nitrate grew larger, the error became a negative 
one. The explanation for this seemed to be that the last 
portions of nitric acid must have distilled before decomposi- 
tion, whenever the original amount was large. Nitric acid 
was accordingly tested for in the distillate, and to this end 
all the conditions of the experiment were repeated, except 
that the receiver contained only water. Of the nitrate 0.4 
grm. and of the iodide 4 grm., twice the amoimt theoreti- 
cally necessary, were put into the retort, and at the end of 
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the experiment the solution in the receiver was boiled with 
hydrogen peroxide to decompose the hydriodio acid and 
drive out the iodine, oare being taken to keep enough water 
to hold any nitric acid present When all the iodine was 
gone sodium carbonate was added, the solution evaporated, 
and the residue ignited and tested with a saturated solution of 
manganous chloride in hydrochloric acid, as described in the 
previous paper above mentioned. By this means 0.0002 grm. 
potassium nitrate are very easily detected in 10 cm* of solu- 
tion. Nitric acid was found in the distillate of this experi- 
ment as well as in two others conducted with 0.2 grm. and 
0.1 grm. of the nitrate respectively. The residues in the 
retorts of these three tests showed no trace of nitric acid. 
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KHO, 
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KBO. 


HMO, 


Bail«3. 


gna. 


gim. 


frm. 
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jTm. 


gnu. 
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o.Deoo 


1. 


0.0600 


1.43 


17 


0.0000 


0,0000 


19 


0.0200 


0.6 


0.0201 


1.43 


17 


0.0001+ 


0.0001+ 


20 


0.0200 


1. 


0.0108 


1.48 
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The process seems reliable enough, then, for estimating 
nitrates in small quantities not exceeding an equivalent of 
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0.04 grm. or 0,06 grm. of potassium nitrate. Every experi- 
ment performed with quantities not larger than 0.05 grm. 
has been given here, except four in which an imperfection 
in the apparatus showed an obvious mechanical loss. The 
errors in these experiments lie between the extremes of 
0.0016 grm. + and 0.0008 grm. — on the nitrate, with an 
average error of 0.00016 grm. If series 3 alone is taken, 
in which the dilution of the phosphoric acid was regulated, 
we have as extreme errors 0.0012 grm. + and 0.0006 grm. — 
with a mean error of 0.0002 grm. +. With quantities of 
nitrate above 0.05 grm. the process does not seem a safe one, 
inasmuch as with a moderate amount of water present some 
nitric acid distils over undecomposed, and with Uttle water 
present other complications as seen above arise. 

The method so far as it is applicable may be summed up as 
follows. The nitrate, not to exceed in amount 0.05 grm. of 
potassium nitrate, is introduced into a retort, together with 
ten times its weight of potassium iodide, and 17 to 20 cm^ 
of phosphoric acid, of specific gravity 1.43. All water used 
should be recently boiled. Carbon dioxide is passed from a 
receiver carefully set up. The neck of the retort passes into a 
receiver containing a known amount of decinormal arsenious 
oxide, alkaline with a good excess of hydrogen sodium car- 
bonate and diluted to a convenient bulk. To this flask is 
attached for additional safety a simple trap containing water. 
The solution in the retort is boiled until it is clear that no 
more iodine remains, when the receiver, after proper washing 
and addition of the liquid in the trap, is titrated with iodine 
to find the amount of arsenious oxide still left. This gives 
the measure of the iodine evolved and consequently of the 
nitrate present, according to the equation 

2HN0, + 6HI = 4H,0 + 2N0 + 3I-I. 

The Decomposition of Nitrates by Antimonious Chloride. — 
The failure mentioned above, in attempting to use arsenious 
oxide to register the action of nitric acid, led to the trial of 
antimonious chloride as a substitute, inasmuch as this sub- 
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stance is easily oxidizable and less volatile than aiseniooa 
chloride in presence of hydroohJoric acid. This latter fact is 
of great importance lu the decomposition of a nitrate. The 
point to be tested was whether the complete decomposition 
of nitrates by the action of antimonious chloride in hydro- 
chloric acid solution, and the absorption of the nascent 
oxygen to form antimonio chloride wonld be secured, so that 
the antimonious chloride left at the end as compared with the 
amount taken should give the measure of the nitrate used, 
according to the equation 

3SbCl, + 2HN0, + 6HC1 = SSbCl. + 2N0 + 4H,0. 

Antimony chloride was dissolved in strong hydrochloric 
acid, and the solution standardized by diluting convenient 
portions, adding tai-taric acid, nearly neutralizing with a 25 
per cent solution of sodium hydrate, treating with excess 
of hydrogen sodium carbonate and titrating with decinormal 
solution of iodine in presence of starch, the blue color being 
taken as the end reaction. 

Known portions of this solution boiled with potassium 
nitrate for a considerable length of time, then diluted, neu- 
tralized, and titrated (all a simple quick process), showed 
oxidation to tiie extent of about 90 per cent of the nitrate 
present. The evidence pointed to the conclusion that the 
nitrate was broken up, but that the residue failed to register 
the amount of decomposition. The products of decomposi- 
tion when passed in a current of carbon dioxide into potas- 
sium iodide set free iodine, but had no oxidizing effect upon 
an alkaline solution of arsenious oxide. The conclusion was 
drawn that nitroeyl chloride was probably given off, which 
breaking up on contact with water into hydrochloric and 
nitrous acids exerts no effect upon arsenious oxide in alkahne 
solution. To see if the nitroeyl chloride was set free in exact 
measure of the nitric acid lost, the following experiments 
were made. 

Into a diminutive retort — made from a pipette shaped like 
a Liebig's drier and connected by a sliding joint covered by 
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rubber into a E jehdahl tube used as a receiver, and so placed 
that carbon dioxide passing through the apparatus should 
enter from below, lifting the air before it — the dry nitrate 
was introduced and washed down with a few drops of re- 
cently boiled water, or, if more liquid was required, with 
hydrochloric acid lest the liquid become too dilute. From a 
burette a definite amount of antimonious chloride solution, 
somewhat in excess of the nitrate taken, was introduced. The 
receiver was chaiged with 0.25 grm. potassium iodide diluted 
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0.0386 
0.0470 
0.0663 
0.0664 
0.0760 
0.0887 
0.0934 
0.1084 
0.0262 
0.0127 
0.0066 
0.0026 
0.1282 
0.1640 
0.1878 



qKmdlngtoI 
foundin 
FMeiTer. 



0.0020 
0.0026 
0.0046 
0.0067 
0.0076 
0.0082 
0.0108 
0.0118 
0.0184 
0.0024 
0.0007 
0.0008 
0.0001 
0.0098 
0.0146 
0.0210 



Bntin 
KNO. 
foono. 



grm. 
0.0288 
0.0838 
0.0471 
0.0664 
0.0679 
0.0762 
0.0841 
0.0966 
0.1036 
0.0269 
0.0130 
0.0067 
0.0028 
0.1227 
0.1640 
0.1866 



KiTor 
in 



0.0011+ 

0.0008- 

0.0001+ 

0.0001+ 

0.0016+ 

0.0007- 

0.0004+ 

0.0021+ 

0.0002+ 

0.0008- 

0.0008+ 

O.OOOl^f 

0.0008- 

0.0006- 

0.0000 

0.0018- 



Brror 

in 
HNOg. 



gnn. 
0.0007+ 
0.0002- 
0.00U1+ 
0.0001+ 
0.0009+ 
0.0004- 
0.0002+ 
0.0018+ 
0.0001+ 
0.0002- 
00002+ 
0.0001+ 
0.0002- 
0.0008- 
0.0000 
0.0008- 



with recently boiled water and was joined to a trap filled 
with water. After carbon dioxide had been passed through 
the apparatus for about ten minutes, the solution was warmed 
on a high boiling bath (103**-107°) to ensure the safety of 
the retort, to keep the antimony pentachloride from breaking 
up, to retain the bulk of the acid in the retort, and to pre- 
vent mechanical loss. This method of proceeding was found 
entirely satis&tctory. After fifteen minutes' digestion the 
receiver and trap were washed out and at once titrated 
with sodium thiosulphate. The residue in the retort was 
treated exactly as was the antimonious chloride when it was 
standardized. The solution here must be kept dilute, lest at 
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the great heat caused by neutralizing strong solutions there 
be action upon the pentachloride on the part of the small 
amount of tartaric acid now present. The difference between 
the iodine required to oxidize the trichloride left in the retort 
and the iodine found in the receiver is the measure of 
trichloride left unoxidized by the nitrate, and by difference 
we have the measure of the nitrate present. The results are 
given in Series I. In experiments (1) to (8) the receivers 
were washed with ordinary distilled water; after that with 
water recently boiled. 
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The experiments of Series n were performed to see if the 
titration of the iodine set free in the receiver could be accom- 
plished as well in alkaline solution by means of arsenious 
oxide. For this purpose the solutions from the receivers 
were poured into a strong solution of sodium bicarbonate, 
care being taken to prevent loss during effervescence. 

The results run from extremes of .0021 grm. + to .0013 
grm. — with a mean error of .00016 grm. +, which tends to 
emphasize the well-known fact that it is impossible to remove 
every trace of air from reagents and generator. The opera- 
tion is quick, taking in all three-quarters of an hour and 
requiring very little watching. The experiments given are 
all that were performed with the apparatus as described, it 
not having been found necessary to reject a single determi- 
nation for mechanical mischances. 

The processes described do not in general present advan- 
tages equal to those of the manganous chloride method to 
which reference has been made, but under special conditions 
they may be found useful. 



ON THE REDUCTION OP NITRIC ACID J 
FERROUS SALTS. 

Br CHAELOTTB t. EOBBRTa" 

AhONQ the most common methods for the estimation of 
acid sie those which depend upon its reduction l^ & f< 
salt in acid solution. The amount of the nitrate acted 
is leckoned either from the oxidation of this ferrous 
pomid or from the nitric oxide set free and subeeqi 
determined. The first-named method was first put in 
ticsl form hy Felooze, and in its present modified for 
capable of yielding accurate results in the analysis oj 
nitrates. Organic matter interferes, however, with tlie 
racy of the indications of Felouze's process. Schloe 
was the first to use the nitric oxide evolved as a meas 
the original nitrate, and he was able to show that the 
ence of organic matter does not influence the yield of 
oxide in the decompoeition. Schloesing originally esti 
the nitric oxide by collection over mercury, re-conversi 
the action of oxygen to nitric acid, and titration of tl 
with standard alkali, but Reichardt,§ Wildt and Scb 
and others have very much simplified the apparatus i 
original process, and shown that the gas may be col 
over caustic soda or potash without materially din 
mg the accuracy of the analytical process. Schulz 
Wulfert ^ determined by direct measurement the nitric 

• From Am. Jour. Sci, xlti, 126. 

t FreMoiiu, QouiL Anal., 0, Aufl., p. 619. 

t AnD. Chim. UI, xl, 479. 

{ Zeitschr. anml. Chem., Iz, 20. 

I ZeiUchr. anal. Chem., xziii, 161. 

T ZeitKlu. anal Chem., ix, 400. 
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collected over mercury, and Tiemann showed that the deter- 
mination loses little in exactness when the gas is measuied 
oyer an aqueous solution of caustic soda. 

Many modifications and extensions of these processes have 
appeared from time to time, the detailed consideration of 
which is not essential to the purpose of the present discus- 
sion, but all, whether dependent upon the determination of 
the change of condition of the iron salt in the residue, or 
upon the estimation of the nitric oxide evolved, rest upon the 
assumption that under the conditions of action nitric oxide 
is the sole reduction product in the complete destruction 
of the nitric acid by the ferrous salt. That this assumption 
is true in the main is evidenced by the analytical results of 
the methods. Thus, in his careful and critical examination 
of methods, Eder* found that the indications given by 
titration of the residue of treatment with ferrous chloride 
and hydrochloric acid by means of potassium permanganate 
showed errors of excessive oxidation amounting only to 0.3 
per cent to 1 per cent upon amounts approximating 0.4 grms. 
of potassium nitrate, although the process involved the uncer- 
tainties of titrating, without the now used precautions, with 
permanganate in hydrochloric acid. The similar process in 
which use is made of ferrous sulphate in sulphuric acid, 
instead of the chloride in hydrochloric acid, gave excellent 
results and showed errors of loss of the nitrate ranging from 
0.05 per cent to 0.4 per cent upon similar amounts of the 
nitrate, while Braun's process of determining the oxidized 
iron by stannous chloride gave upon amounts of the nitrate 
varying from 0.16 grms. to 0.32 grms. errors of 0.3 per cent 
to 1.5 per cent. 

In the processes involving the treatment of the nitric oxide, 
the errors axe usually gpreater and more variable. Thus, 
Schloesing's process gave Eder errors of 0.2 per cent to 2 per 
cent upon approximately 0.15 grms. of the nitrate, and 10 per 
cent and 12.5 per cent respectively upon 0.0279 grms. and 
0.0249 grms. of the nitrate. In Reichardt's modification the 

* Zeitschr. anaL Chem., zvi* 207. 
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errors are slightly la^;er on &e averse but vary Bimilarlj 
and Tiemanu's method of measuring the gas over caustic sod 
yields results closely comparable with those of the Reichaxd 
process and but little inferior to those of Schloesing. 

The way in which the results vary in all the processes i 

which the nitric oxide is estimated has veiy generally bee: 

r^farded as su^estive of an oxidizing action upon the nitri 

oxide, nearly constant in amount, and productiTe of increasin 

percentage errors as the amount of nitrate decreases. Th 

intermixture of ordinary air wotdd naturally produce diminv 

Idon of the volume of the nitric oxide, but the oxidation o 

this by free air of normal compoation should produce n 

effect upon the total volume of tihe gas in cases where this i 

measured, if the oxidation goes, as is generally supposei 

to the point of forming nitrous acid; for the introductio: 

of a given volume of oxygen (in air) means the simultaneou 

introduction of four volumes of nitrogen, and the singl 

volume of oxygen is capable of causing the disappearanc 

of exactly four volumes of nitric oxide, converting it int 

nitrous acid, so that four volumes of nitrogen would be lef 

to rejdace the four volumes of nitric oxide removed. If th 

oxidation be supposed to go to the point of forming som 

nitric acid there shotdd be left three volumes of nitrogen b 

replace every volume of nitric oxide converted to nitric acid 

and the total volume should be greater after oxidation thai 

before. 

In order to account for the low results, therefore, on th 
Bssumption of an oxidizing action due to free air, we mua 
conclude that such air is derived principally from solution i 
&.e reagents, which would naturally hold oxygen in excess o 
the proportion in which it exists in atmospheric aii. Air i 
solution in the receivers would most readily produce th 
observed decrease in volume, for the nitrc^n in dissolvei 
air would naturally still remain dissolved without relation t 
the disappeamnce of dissolved oxygen. If &e deflciencie 
observed in Schloesiug's process are due at all to oxidation o 
the nitric oxide, it is natural to suppose that such oxidatdoi 
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must take place dining the passage of the gas from the 
erolutdon flask to the meFcurial receiver, hat in the processes 
which involTe the collection of the gas over aqueous caustic 
alkali oxidation might readily be brought about hj dissolved 
oxygen, and in this case the nitric oxide removed would not 
be replaced by nitrogen. The last mentioned source of error, 
Glaser * has recently proposed to correct by collecting the gas 
over a solution of potassium iodide instead of over caustic 
soda. 

The deficiency in the total volume of gas may also be 
caused partially or wholly by the solubility of nitric oxide in 
caustic alkalL Warington f has shown that caustic soda is 
capable of slowly absorbing nitric oxide, and Russell and 
Lapraik f state that upon long standing over caustic soda, 
nitric oxide ia decomposed into nitrous acid, nitrous oxide, 
and nitrogen. 

Errors of the same sort and in the same direction as 
those produced by the action of caustic alkali, either alone or 
with dissolved air, or of air in the apparatus, would be the 
natural consequence of a failure of the ferrous salt to effect 
decomposition exactly according to the assumed reaction. 
Incompleteness of decomposition of the nitric acid, or the 
formation of an oxide of nitrogen higher than nitric oxide 
would result in producing too small a volume of nitric oxide, 
and so also would the over reduction of the nitric oxide to 
nitrous oxide or nitrogen. We have, moreover, abundant 
evidence on the one hand both of the incompleteness of 
decomposition of nitric acid Mid of the production of a 
higher oxidation product by the action of the ferrous salt 
under modified conditions, and, on the other hand, the 
statement of Carius § that prolonged co»**^*' °* '"*"*' °^*^ 
with ferrous sulphate induces further. tedii<^^°^ o^ the nitric 
oxide. Thus, Abel and Bloxam 11 {qiJ^ '^^ ^^^^ *^* 
nitrate was introduced mto a boilL. poVialoOTi (A \i^Tf"^ 

• Zeiuchr. ual. Chem., xBd, 286l ♦ t- -vte»- **^-' *»»« to. 

X Jonr. Chem. floe.. loxli, 86. • *'*^»* ^aS^ r^^na^ilr' *^ 

II Jonr. Ch«n. si^f^^,' (T ' ' 
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aplmte containing an excess r.-r i v ■ j ■ 
M evolvBd, and some nitric SBlphnnc acid, nitionB ac. 

lar prolonged boiling ; .„^*^'? remained unaltered eve: 
,t least inferentiaUy from ^S^ f* "^l demonstma^ 
,„plet. dccompoJdon t^^^yj'=»l ^<'^ *" V^'^- 
tTftte ■ ut into astro i ^^*^*^c 0"<i« resulta when th 
■ , ^ . _j ii ^ aci<i and cold solution of ferrou 

aphate m eiee8s,and th.© >!*>,«*.:„ j j i v j i.v 

, ,.^ ^, . ■'^^a.t.ixic' made EnraduaL ahowed tha 

ider conditions otherwise «iT«ii 5 ITl ^u ■ i_ 

, .,. . iv . '**JTmiar ezceptmff that the mixtoi 

" *"'■"" ''hM a-e mtrate ^,^ introduced, a higher oxide c 
trngeu wa. OTolyed itt «lv»anti,y snfEcient to be visibly roc 
„le= th. oxidabon of th« feirons salt in the residue feE t 
Mtij per cent of its 1x01:11^1 value 

These facto and the consideration that the analytic! 
fc.ods m which the nitric oxide is estimated give witho. 
action unexpectedly lo^ results have led me to look 
1^ more carefuUy into the conditions under which th 
„-tiiin of ferrous salts vipon the nitrate may bo eipecte 

^re the volume of nitric oxide most nearly appKuchm 
jg tieoretical yield. 

•Oe apparatus -wlxlclx I have found most satia&ctoiy fi 
Ijig work consists of a. small tubulated retort, upon the nee 
if ^Uch is fitted & Bxnt^ll condenser to prevent loss of Uqui 
luring the dietilla-tion. Into the tubulatur© of this retort : 
'tied tightlyi ^y * carefully ground joint, a tube drawn 01 
to (Up b®^*^"'*' tlie surface of the liquid, and fitted wit 
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,\t&d. stop-cocks, — as shown in Uie figure, — an 

^\>ovo &s to make it possible to transmit carbo 

^gh. til.© appcuBtus, or to admit any liquid withoi 

ioriie U** , sux. Tlie condenser is joined to a Will ai 

adu^^^ \)Ul\> TuaecL as a tiap, and this in turn is connect 

Vaneo.W*V*^^,jjjjj tTxbing with a Hempel gas-burette. Carbc 

ty \iflC^ genexa-ted in a Kipp's apparatus by action i 

di!0%^^* ,wj;\ilorio acid upon boiled marble, and the hqu: 



■^^\ed v^^ -witli cuprous chloride, following Warii^ton 
■wa^ c^^**'"^^^ ■'ip traces of dissolved oxygen. Notwit 
^^c6, ^ ,, pieca-utions, I have met with the general 
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recognized experience in finding that the gas from the 
generator is never so pure that a hundred cubic centimeteis 
of it will not leave a tiny bubble when shaken with a 
solution of caustic soda. 



With the apparatus described the following experiments 
were made. Potassium nitrate (0.1 grm.) was introduced 
into the retort, generally in the diy condition, carbon dioxide 
was passed through the apparatus until the gas collected over 
sodium hydroxide left only the minute bubble which the gas 
from the generator alone had been found to give, and 40 cubic 
centimeters of a boiled solution of ferrous chloride in hydro- 
chloric acid was admitted through the funnel tube, after 
shutting off the carbon dioxide and lowering the levellii^ tube 
of the Hempel burette. With the stop-cocks arranged as in 
sketch, the liquid was then slowly heated to boiling and the 
process continued until the reaction of the ferrous salt upon 
the nitrate was apparentiy complete, when the carbon dioxide 
was again passed through the apparatus to secure complete 
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aov»»^* were nitric oxide, ac 
^feonei irom the absorbed 
potaflfflom iodide was used in 
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to break up any higher oxides of nitrogen that might be 
formed, the amount of iodine thus set free is given. 

In experiment (8) of Table I, the ferrous chloride was made 
by dissolving iron wire in boiled hydrochloric acid, and the 
potassium nitrate was dissolved in boiled water and added to 
the ferrous chloride. With this dilution, the reaction proceeded 
very slowly and it was found necessary to add several succes- 
sive portions of hydrochloric acid before the reaction was 
complete, but the results as finally obtained are quite com- 
parable with those obtained by a more rapid process. 

It will be seen by a glance at the tables that the best 
analytical results are obtained by the use of potassium iodide 
in the Will and Varrentrapp tube and calculation from the 
total volume of gas. The average of the results obtained 
above, omitting for a reason which will appear later the last 
experiment of the second series, may be expressed in this way: 

With KL with water. Differaooe. 

Per cent from total gas . . . 99.95 97.7 2.26 

*« « nitric oxide . . 97.53 95.0 2.53 

Di£f. . . 2.42 2.7 

In each case there is an amoimt of gas equal to about 2.5 
per cent of the total volume which is not nitric oxide. In 
whichever way reckoned the total amount of gas collected is 
about 2.5 per cent greater when potassium iodide is used thaa 
when water is used in the Will and Varrentrapp tube. This 
would indicate that some higher oxide of nitrogen is formed 
and is decomposed by the potassium iodide with a liberation of 
nitric oxide equal to about 2.5 per cent of the total volume of 
gas. In case the formation of this oxide were due to traces 
of air which oxidized the nitric oxide to nitrous acid, the 
volume of nitrogen thus left would be, as has been shown, 
exactly equal to that of the nitric oxide oxidized, and therefore 
there should be about 2.5 per cent of gas incapable of absorp- 
tion by potassium permanganate, which is practically found 
to be the case. This would furnish, then, a simple explanation 
of the results given. Supposing this explanation to be tlie 
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^^^Wna ol cjas in *^^ wr ehould not influence the 

To »at ftaa point, the ^^^ potaasiuni iodide is not used. 
«^ ^^^tfonned. Th* experiment of the second series 

s^ -^y as tiie othc^tJ^^'^^"'^ ^ '*'"'' ^ ^'''^^^^ *^ 
- "^ot aUowed to r.!^' except that the carbon dioxide 



^^ eompletelv rT^ through long enough to displace 
^^of gag i^ ^" - '''^^ be observed that the total vol- 
*s» but ^caily the same as in the other experi- 

■^incapil^ 7° 1^ iiaturaUy be expected, the volume of 
/d^ vacTfM^aiui ^^^^^'^^on by potassium permanganate is 

^V^\n.Wtestang confinnation of the supposition that small 

^^^jatities 01 air mtroa.uced into nitric oxide confined over 

;^^s1ic Boda would not influence the total volume of gas 

^^is& found in Bome experiments performed later. After the 

^\ric oxide in the Hempel burette had been aceajately 

^easured, aii "was introduced through the upper stop-cock, 

fr^ cubic centimeter at a time, and the burette lightly shaken- 

^j<i ■^aR loMnd. fliat more than twenty cubic centdmeters of air 

<SdTiVi \* introduced, in this way without materially affect- 

j vug total volume of gas, but that the volume began to 

r^^ -ffbeu at»ou.t one cubic centimeter of nitric oxide was 

^*^ oji^ied, aa subsequently determined by potasaum 

la the fifth experiment of Table IT, supposing the 2.43 
ubic centdmeters of unabsorbed gas to represent nitrogen left 
from air which had oxidized the nitric oxide to citrous acid 
2,5 cubic centimeters of nitric oxide would thus have been 
made to disappear, and the amount of nitric oxide left should 
be 89 per cent, 2 per cent higher than that obtained. On the 
same supposition, in the four precediog experiments, the 0.6 
cubic centimeters of unabsorbed gas represent a loss of 0.6 
cubic centimeters of nitric oxide which corresponds to a loss 
of about $ per cent on the nitrate, so that the results reckoned 
from the absorbed gaa should he about 97 per cent instead of 
96 per cent as found. Here, agun, is an unexplained loss of 
cent Moreover, with the use of potassium iodide, 
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it is plain that, in whatever way these higher oxides of nitrogen 
may be formed, they should be entirely broken up into nitric 
oxide, so that the amount reckoned from the absorbed gas 
should be 100 per cent, whatever the total volume may be. 
We find instead that we get an average of 97.6 per cent, a loss 
of a little more than 2 per cent. It seemed probable, then, 
that as these experiments were done, there was a loss of from 
2 to 2.5 per cent of nitric oxide by solution in caustic soda. 
This loss would mean the solution of 0.5 to 0.6 cubic centimeters 
of the gas after being thoroughly shaken with about 75 cubic 
centimeters of strong caustic soda, an amount of solubility 
which did not seem at all improbable and which would be 
quite in accordance with the results of Warington's experi- 
ments, previously mentioned. 

The following set of experiments was therefore undertaken 
with the double object of studying the solubility of nitric oxide 
in caustic soda, and noting any conditions of temperature or 
proportions which might influence the course of the reaction. 
The same apparatus was used as in the preceding experiments, 
except that a Geissler tube filled with water was inserted 
between the Will and Varrentrapp tube and the Hempel 
burette to prevent the possibility of any iodine being carried 
over mechanically into the gas receiver. In all cases the Will 
and Varrentrapp tube was filled with potassium iodide, and 
the amount of iodine liberated estimated by titration with 

sodium thiosulphate. 

m. 





Per cent reckoned 
from total toL of gee. 


Amoontof 
iodine in gnone. 


8 


90. 
100.6 

00.2 

99.4 
100.8 

9a9 


0.0024 

0.0043 

0.0160 

0.0020 

0.00866 

0.0008 



In the last five experiments of this series, the caustic soda 
solution was thoroughly boiled to eliminate any error which 
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j*^^^,*^"^ oxidation cv* 4.^ 

SatoV^^m, Wt -With no in ^^ *"*"" °' ^^ *" diBSolved 

InAl eiw^t the. last on^^^^ difference in the reaulto. 
«»i'«*^*«ufl chloride WereV. ^'^ experiments, the nitrate 
^/^V\«ion instead of K^- ^^^^^"^ together in a. more or lea* 
i^i^XiouatB of iodine ^-]?®. ^^"^ g™J"*Ur. '>^ although 
j^^hole greater in tV." it wiU be seen that they are on 

"^ ^ the reaftin V— .^^*^ series than in the experiments in 
^^Fould indicSe^r*^^^ ^^™ brought together in the cold. 
/le hot aol *■* \I*^^ possibility of some slight local action 
^^lljj^L . y "W-liich higher oxideB of nitrogen are 

wX^si. f V ^'^^y^ical error from this source is corrected 

^J3fcMSft Ot tlio potaa^^jjn iodide which converts them intc 
Jj^oo^de. 

(ji experiment (B) of this series, where a very lai^ amoun) 

^j Vodine is Ubemted, only one half as much ferrous chloride 

^^ used m proportion to the amount of nitrate as was taken 

the otiiet expexinaents, bo that the amount of iron presenl 

i^4ist have been, very near the theoretical Umit. Here tht 

^^^QXUA ol ioOdne -would indicate the formation of a highei 

oTl&ft 0^ nitiogBn, an error corrected however by the use oi 

«-knVAA&\iua iodid.e so that the percentage as calculated from the 

*^ 1 -ooVvODfi °^ 8*^ compares well with the results obtaine<J 

Z^ \, other experi.ments. In experiment (6) also, a rathei 

^^ ^ excess oi the FeCl, was token (0.255 gnns. Fe being 

^""iffbed out, -whereas 0.168 is theoretically required), but ii 

this case the hquida were almost cold when brought together 

and the amount of iodine set free is very smaU. 

In several cases experiments were made to test the solubili^ 
of the nitric oxide in caustic soda. In experiment (2) thf 
gas was allowed to stand over the liquid, with frequent 
shaking, for about an hour when the volume had decreasec 
from 24.8 to 22.6 cubic centimeters. In experiment (3) 
after the lapse of an hour with similar treatment, the volume 
of gas had decreased four culno centimeters, and one cubit 
centimeter was lost by the gas simply standing over nighi 
over caustic soda. 

To determine whether the nitric oxide went into solution ai 
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,„A or m to tonn of nitrite, the foli»'*« '^'^^ ZZ 
performed. About 80 oubio centimeMr, o« the W"f ^J^ 
dLwn ofl by ,loiK,ock at bottom of Hempel's "»"* "*°^ 
Sufied J^oroi po.a,«ium iodide, ^^^y.""^^^^ 
^ the amount of iodine set free detenmnai by """''"'J^ 
^„m thiosulphale. Agam, 80 cnUo ««;'™"*"^f ^^^ 
aame station were treated in eiaetly the »».» ™y «°^g 
that the flask oontaining the pota^inm .od.de was «»' ™^ 
up with oarbon dioxide and dr carefully ™'°*f- °"X 
tile it waa found that the «nouut of .odme =«' ^ ""^ 
the latter ciroumetanceB was Tery mall, and le8a_to one^ 
aa mueh as that aet free when air was admitted &eel^«k«^ 
very plainly that eome, and perhaps moat, rf *« ""^"' "^^ 
WM diaaolved as Buoh, without ohemical aotion of the cauBtio 

"mo principal coucluaiona to which thia atudy of the e^^ 
tion of uitxatS, by measurement of the TOlume of '^'"l"^ 
swept along by carbon dioxide md coUected oyer causBc «xl», 
baa led me, are aa follows : „ *■„ thia 

1. The best analytical results ate obtained «!Oordmg 1» tht. 
method by passing the gas threugh Po**^™, ^"'rfL. 
collection, and estimating from the total volmne ga- 

"Tu!^ be present in the appa-tn. at ihe o"«^ ^^, 
not affect the totd volmne of gas if po«^>"^ ^"^^^ ^l 
used, or if the nitric o=de meet the »- ^J^f^ X to the 
Varreuttapp bulb. When potasBum .odale » n^ _^^ ^^ 
appamtus would maie fte tK>tal 'pl'^^XlSed by the 
small amounts of air, this enoi IB com.iei'"™'™- 
solubiHty of nitric oiide in caustic soda- ^ ^^^^^ 

8. Since the nitric oxide w peK^pW i^ ^„toct 

soda upon shakmg, the gas ehouli V° wd. 
with the liquid before the Tolmae i» JO®"™!r , ^ssmSos* 

4. If the hydrochloric acid vised i* ""'^v 4*^ 

proceeda yery slowly, but leada^Jvyf *" '*^'»-S# ^ ^ 

• Thii remit Mcordi with GUaex-'K .^^-^ ^ "^tlson^ 
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5. If the nitrate and feirooB salts are bioTiglit 
some higher oxides of nitn^en may be formed, 
is corrected by the use of potassimD iodide. 

6. If potassium iodide is used the results 
even when the ferrous chloride is present only i 
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THE STABILITY OF STANDARD SOLUTIONS 

OF TARTAR EMETIC. 

By HIPPOLYTB 6BUENBB.* 

DuBiNG the progress of some investigations on antimony, I 
found it desirable to know to what extent a solution of tartar 
emetic could be relied on to retain its strength when kept for 
a length of time. Accordingly I made up a number of solu- 
tions of tartar emetic, whose strength was determined by 
titration in presence of an alkaline tartrate and bicarbonate 
with decinormal iodine, standardized against arsenious oxide. 
These solutions were put aside in stoppered bottles for a 
number of months, when they were again determined with 
iodine standardized against the same arsenious oxide. 

Solution A was simply tartar emetic in distilled water, 16 
grms. to the liter. At the end of five months this was found 
to have lost strength to a considerable extent, while a deposit, 
seemingly a mixture of antimonious oxide and of fimgus 
growth had settled at the bottom of the bottle. At the end 
of fourteen months a still greater loss of strength was 
observed, corresponding in all to about 3.6 per cent of the 
tartar emetic, of which 4 grms. were present. The sediment 
was drained, dissolved in tartaric acid and titrated with iodine. 
It was foimd to correspond to 0.13 grm. of tartar emetic or 
approximately the amount lost. This shows clearly that 
under the conditions no great loss is caused by the formation 
of the pentoxide, in closed bottles at least. 

Solution B was slightly alkaline with sodium bicarbonate 
in presence of sodium tartrate. On this solution after five 
months there was developed in addition to a fungus growth a 
deposit, probably antimonious oxide ; there was here a slight 

• From Am. Jour. Sci., xlri, 206. 
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loss in the strength of the solutdon, amountiiig i> 
cent 

Solution C VHS acid with tartaric acid only. A 
months the solution was found of tlie same stran 
cleameSB as it was originally: but four months lat 
was a slight deposit accompanied by a loss of 1.2 per 
Parallel experiments to A gave like results. Twi 
tions of C with varying amounts of tartaric acid 
showed in each case a decided fungus growth with 
of strength at the end of five months, whereas at 
of nine months the loss amounted to 1 pei cent 
larger amount of twtaric acid and 0.8 per cent for tht 
amount. 

It seems then that there is little danger of any oxic 
the antimoniouB oxide occurring, and provided enougl 
acid is present to keep all the antimonious oxide in i 
the solution should maintain its strength for at leas 
ax. months. The fungus growth has not been f 
interfere in practieal work with the solutions, yet it 
advisable to prevent its formation if it could be done 
To test the posability of this, a number of solutio 
prepared containing varying amounts of hydrocblo: 
which should act as a sterilizer; enough tartaric t 
added to counteract any tendency toward precipitati 
one series of experiments the solutions were sterilize 
beginning by boiling ; in the other series distilled wab 
had been exposed more or less to the ait for a number 
was directly used. Where the solutions had been th 
lized no sign of fungus growth had appeared at th< 
five months, and in the case of the unsterilized solutic 
was never more than a trace. Where the hydrochli 
present was not more than 10 cm' to 600 cm^ of wat 
was at the end of three months only the faintest tr 
deposit and no material loss of strength. Where th< 
chloric acid was present to the extent of 25 cm* in 50 
water a decided granular precipitate was observed, acco 
by a loss of strength of about 10 per cent. The gran 
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cipitate when dissolved in tartaric acid and titrated accounted 
almost exactly for this loss. 

A number of solutions were prepared under varying condi- 
tions and left open to the air for three months, at the end of 
which time no loss from oxidation was found. 

It may be seen that tartar emetic in a solution of 16 grms. 
to the liter is not oxidized either in closed or open bottles. If 
it is desired to keep this solution as a standard for a moderate 
length of time it can be done in presence of enough tartaric 
acid (20 to 80 grms. to the liter) to prevent precipitation. 
The addition of 1 cm* hydrochloric acid to one liter of solution 
is enough to prevent any decided formation of fungus growth, 
at the same time not enough to cause a deposit as happens 
when large amoimts of hydrochloric acid are used. 

In the titration of tartar emetic in presence of starch the 
permanent blue color was taken in every case as the indication 
of the end reaction, as all other shades of color were found 
unsatisfactory. It is a well known fact that in the titration of 
antimony salts the color of the starch iodide is not developed 
until there is a considerable excess of iodine present, so l^t 
as compared with arsenious oxide, iodine gives high results 
with antimony. Thus, for example, the mean of six series of 
determinations made at various times and aggregating twenty- 
nine determinations showed the presence of 48.95 per cent of 
antimonious oxide in tartar emetic. (Sb = 120 and tartar 
emetic KSbOC*!!*©. . JH,0. = 882, requiring 48.87 per cent.) 

The &ct8 above shown, that tartar emetic may be kept in 
stable solution by means of tartaric acid and hydrochloric acid 
in the proportions given, make it possible to use and keep such 
solutions for standardizing iodine for the determination of 
antimony, and thus to eliminate the error due to the tardy 
development of the starch iodide blue in presence of antimony 
salts, observed when compared arsenious oxide is used as a 
standard* 
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ON THE ESTIMATION OF CHLORATES ANE 

NITRATES, AND OP NITRITES AND 

NITRATES, IN ONE OPERATION. 

Bt chaelottb p. EOBBHTS." 

It has been shownf bjt Gooch and Gruener tliat nitra 
may be estimated most accurately by treatment with mangan 
chloride, the chlorine thus liberated being collected in pol 
sium iodide, and the amount of iodine set free determined 
titration ^th sodium thiosulphate. In a recent paper \ 
have shown that good results are also obtained by treatmi 
of the nitrate with ferrous chloride, and collecting and mc 
uring the nitric oxide evolved over, sodium hydroxide w 
the apparatus described and pictured in that article.§ 

This apparatus consists essentially of a small retort fit 
with a hollow, ground-glass stopper prolonged beneath u 
tube, and joined above with two branching tubes throi^h < 
of which carbon dioxide may enter, and the other of whicl 
attached to a funnel-tube with stop-cock, through wh 
liquids may be introduced without admitting air. The ret 
is connected with a small condenser, which in turn is attacl 
to a Will and Varrentrapp tube containing potassium iodi 
and this with a Hempel burette containing a strong solut 
of sodium hydroxide. In the experiments described, 
potassium nitiate was introduced into the retort, carl 
dioxide passed through until the air was completely dri-' 
out, and then ferrous chloride added throt^h the funnel-tu 
Alter heating, and passing a current of carbon dioxide throt 

" From Am. Jour. BcL, slri, 831. 
t Am. JoDT. Scl., zIiT, 117. This rolnme, p. 132. 
t Am. JoQT. Sci., zlri, 120. Tbia roLnine, p. SOS. 
fi fig. B, p. 20S. 
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the apparatus, the volmne of gas unabsorbed by sodium 
hydroxide was measured at the observed temperature and 
pressure, and from this the weight of potassium nitrate was 
calculated. This is merely a special form of a very common 
method of estimating nitrates, but the apparatus is in a form 
which can be conveniently handled and which readily adapts 
itself to other uses beside the simple determination of nitrates. 
In a mixture of chloric and nitric acids, for example, it 
becomes possible by a combination of the two above-named 
methods for estimating nitrates, and the use of the apparatus 
described, to determine in one operation the amounts of each 
present. A method for the determination of chlorates which 
has long been in conmion use consists in treatment with 
hydrochloric acid, the liberated chlorine being conducted into 
potassium iodide, and the iodine set free determined by titra- 
tion with sodium thiosulphate. This method is entirely 
analogous to the first mentioned method of determining 
nitrates, the only difference being that in the latter case a 
solution of manganous chloride in hydrochloric acid is used 
instead of the acid alone. In case of the nitrate, however, 
there is a second product, nitric oxide, which may be collected 
and measured. It would then seem possible, with the use of 
the apparatus heretofore described, to treat a mixture of a 
chlorate and nitrate with manganous chloride, pass the resulting 
gases through potassium iodide, and then into the Hempel 
burette. The amoimt of nitric oxide will give at once the 
amoimt of nitrate present. The iodine liberated will give the 
total chlorine set free by the reduction of the nitrate and 
chlorate. After that which is due to the nitrate determined 
has been deducted, we have an exact measure of the chlorate 
present. 

To verify these presumptions, a few preliminary experiments 
were first made with potassium chlorate alone. In these, and 
all of the following experiments, great care was taken that 
the escaping gases should only come in contact with glass. 
Between the condenser and Hempel burette were two Will 
and Varrentrapp tubes sealed together and containing potas- 
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The method is simple, 
accurate tor most analytdca 
be urged against it is that i 
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the nitric acid involves a corresponding error in the amount of 

chloric acid, but the above results show that such errors will 

be quite small if the experiment is conducted with proper 

precautions. 

It also appeared probable that a nitrate and nitrite could be 

estimated at one operation in a somewhat similar manner. By 

the action of manganous chloride on a mixture of nitric and 

nitrous acids, nitric oxide and iodine would be set free from 

each. Representing the weight of nitric oxide found by a, 

and the weight of iodine found by i, and letting x equal the 

amount of nitric acid operated upon, and y the amount of 

nitrous acid, 

30 . 30 

^x + j^y = a,and 

379.6 . 126.5 

whence, x = 0.249 b — 1.049 a 

y = 2.35 a — 0.1866 

In the attempt to verify these formulas by experiment, a 
little difficulty was found in getting a pure and stable nitrite 
upon which to operate. Some silver nitrite was prepared by 
precipitation from potassiimi nitrite and silver nitrate. This 
was washed well and dried as thoroughly as possible over 
sulphuric acid in the dark. Weighed portions were put in the 
retort, and after the air was expelled, manganous chloride was 
added. The amoimt of silver nitrate was then estimated from 
the iodine set free in the bulbed tubes, and also from the nitric 
oxide left in the Hempel burette. The results varied from 
one another by 4 or 5 per cent on different portions, but a 
few trials were sufficient to indicate that the trouble lay in 
the silver nitrite and not in the process itself. The percentage 
of purity as obtained from several trials by ignition was 98.4 
per cent. The average of ten trials estimating from nitric 
oxide gave 98.1 per cent, and from the liberated iodine 98.7 
per cent. This was uniformity enough to indicate that the 
method of work was trustworthy, although there was appar- 
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entJy such a lack of homogeneity in the silver nitrite ai 
make it impossible to nse it in testing the value of the fom 
given above. 

To obviate this difficulty, more silver nitrite was prec 
tated, well washed, dissolved in warm water, and a solnl 
of sodiiun chloride added. The silver chloride was t 
filtered off, and the resulting solution of sodium nitrite ' 
used in the following experiments. To determine the strcn 
of this solution, ten or fifteen cubic centimeteis were drawn 
from a burette, and the nitrite estimated with potassi 
pennanganate accotding to the method of Kinuicutt and N 
At the same time, similar amounts were introduced into 
retort with manganous chloride, and the nitrite estime 
both from the hberated iodine and the nitric oxide fom 
It was found that the air must be thoroughly driven oul 
the apparatus before the nitrite was introduced, as the car' 
dioxide, passing over the solution, decomposed it with lib 
tion of nitric oxide which, in presence of air, gave an ex( 
of free iodine, and at the same time a little gas was 1 
Accordingly, carbon dioxide was first passed through 
apparatus for some time, then the nitrite was introdu 
through the funnel-tube and rinsed in with a little wa 
followed by the manganous chloride solution, care being tal 
that the water should not exceed one-thiid of the total voli 
of the liquid, according to the precaution shown to be nei 
sary by Grooch and Gniener. Working in this way with 
solution of sodium nitrite, the following results were obtain 
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• Ann. Chem. Jonr., *, 38a 
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It will be seen that the results reckoned from the iodine are 
in general larger than those obtained by either of the other 
methods. This is what might be expected on account of the 
diffictdty of completely removing air from die apparatus and 
solutions employed, and such air would naturally cause an 
excess of iodine. In (4) especially it will be noticed that we 
have an abnormally large amoiuit of iodine set free, and this 
may imdoubtedly be attributed to air, since it was observed 
that the current of carbon dioxide was rather sluggish at the 
time of that experiment. 

The average of the above-recorded experiments would give 
as the value of fifteen cubic centimeters, from the method of 
Kinnicutt and Nef, 0.0697 grams, from the nitric oxide, 0.0699 
grams, and from the iodine 0.0711 grams. If we assume that 
the mean weight per fifteen cubic centimeters is represented 
by the average of these three modes of determination, we 
obtain 0.0702 grams, and that is the number which is used in 
the following determinations to represent the weight of sodium 
nitrite in fifteen cubic centimeters of the solution. The 
following experiments were made in the same way as the 
preceding, except that potassium nitrate was introduced in the 
dry state before the air was driven out of the apparatus, and 
the results were calculated from the formula given above. 
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(1) 


Sodium nitrite 


0.0702 


0.0718 


0.0016 


Potassium nitrate 


0.1000 


0.1000 


0.0000 


(2) 


Sodium nitrite 


0.0702 


0.0712 


0.0010 


Potassium nitrate 


O.IOOO 


0.0099 


0.0001 


(3) 


( Sodium nitrite 
Potassium nitrate 


0.0702 


0.0710 


0.0008 


0.1000 


0.1004 


0.0004 


(4) 


( Sodium nitrite 


0.0702 


0.0098 


0.0004 


j Potassium nitrate 


0.1000 


0.1012 


0.0012 


(6) 


Sodium nitrite 


0.0468 


0.0463 


0.0016 


Potassium nitrate 


0.1000 


0.0994 


0.0006 


(«) 


i Sodium nitrite 


0.0408 


0.0444 


0.0024 


] Potassium nitrate 


0.0600 


0.0613 


0.0013 



Though the process is one in which the most perfect 
accuracy cannot be assured in all cases, the above results show 
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'iat it la capable of giving furlj aconiate results, sufficient 
for many analytical pnrpoaes. It seems to be especially well 
adapted to the estimation of tlie commercial alkali nitrites, the 
ffhole deteimiuatioD beii^ made on one portion and by one 
operation, instead of on two different portions. 



ON THE SEPARATION OF COPPER FROM 
CADMIUM BY THE IODIDE METHOD. 

Bt PHILIP B. BROWNINO.* 

The separation of copper from cadmium by the precipitation 
of the cuprous iodide by appropriate means has long been 
known. Pisanif mentions the fact that potassium iodide can 
be used to effect precipitations and claims that a satisfactory 
separation can be made in this way. Flajolotf states that 
potassium iodide cannot be used as a precipitant on account of 
the solubility of cuprous iodide in that reagent, nor can 
hydriodic acid be employed if nitric acid is present. He 
recommends that the solution containing copper be brought 
to acidity with sulphuric acid, that a considerable excess of 
sulphurous acid be added and that the precipitation be effected 
by hydriodic acid. Under this treatment he finds that only 
an unweighable or at least a very small trace of copper 
remains dissolved. Kohner§ in a paper of more recent date, 
in which he reviews the various methods for the separation of 
copper from cadmium, states that the iodide method is im- 
practicable on accoimt of the solubility of cuprous iodide both 
in excess of hydriodic acid and in potassium iodide. 

The work to be described was imdertaken to determine if 
possible imder what conditions the method may be safely used. 
Solutions of copper and cadmium sulphates were made and 
standardized by treating definite portions, measured from 
burettes and weighed, by appropriate means, the average of 

• From Am. Jour. Sci., xlyi, 28a 

t Compt rend., xItU, 294. 

t Jour, prakt Chem., bd, 106. 

§ Zeitschr. anal. Chem., zzrli, 203. Jonr. Anal. Chem., iii, 8S9. 
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iodine and large amounts of hydiiodio acid have a decided 
eolTeut effect as shown in experiments (1}, (2), (3). In tvo 
cases where 1 grm. and 2 gnn. respectiTely of potassiimi 
iodide were used to precipitate about 0.12 gtm. of copper the 
filttate from the flist gave no reaction with either ammonia or 
acetio acid and potassium fenocyanide, and the second gsT« 
no reaction with ammonia and with potassium ferrocyauide 
only a trace. 
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These filtrates before testing for copper were treated widi 
potassium nitrite and sulphuric acid to remove the iodide and 
oxidize the copper. I have no doubt that when the potassium 
iodide is in excess some copper goes into solution, but the 
Euuount is very small unless the excess of iodide is very great 
I may add here that when the potassium iodide is in veiy large 
excess the mixture of potassium iodide and cuprous iodide 
melts as the solution becomes concentrated by evaporation 
and a solution is obtained having a deep iodine color. This 
color does not disappear on further evaporation and the result 
obtained upon filtering the cuprous iodide after dilution with 
water invariably shows considerable loss. In the event of 
noticing the phenomenon mentioned it is best to throw aside 
* The copper ii cilculAted u the metal in thi* table. 
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The filtrate contaimng the cadmium was heated to boil- 
ing and sufficient sodium carbonate added to complete the 
precipitation. On further boiling the precipitate became 
granular and filtered easily. The precipitate was washed 
with hot water several times by decantation, the washings 
being passed through the felt to prevent loss of any of the 
precipitate. Washing was continued imtil the filtrate gave 
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no reactions for either sulphate or iodide. The crucible 
containing the carbonate was heated gently at first, then 
gradually to a higher degree until the lower half of the 
crucible was red and the white carbonate had changed to the 
brown oxide. This heating was repeated until a constant 
weight was obtained. In some of the separations the faintest 
suspicion of a blue color in the carbonate suggested the 
presence of the fraction of a milligram of copper which 
probably escaped the separation process. The method is 
simple in manipulation and the results are fairly accurate. 



THE DETECTION AND SEPARATION OF 

ARSENIC ASSOCIATED WITH 

ANTIMONY AND TIN. 

Bt F. a. GOOCH ixD B. HODOB.* 

Upoit the well known fact that hot strong hydrochloric i 
iB capable of dissolving tihe sulphides of antimony and 
wlule exerting solvent action to a very slight degree Q 
axsenions sulphide is based the simplest and moat n 
method in common use for the separation of arsenic f 
antiinony and tin. Unfortunately, however, the fore 
treatment necessaiy to bring about tiie solution of li 
amounts of antimony is sufficient f to dissolve small qi 
tities of arsenious sulphide, so that for the purposec 
general analysis the method is inadequate. Koehler } 
shown that only the arsenic is precipitated, and that i 
completely, when hydrogen snlphide acts upon the solu 
of arsenious and antimonious salts in hydrochloric acic 
20 per cent strength, but the adaptability of Koeb] 
treatment to the detection of arsenic in the ordinary coi 
of analysis is limited by the neceasit^^ of so constituting 
solution to be tested that hydrogen sulphide shall ocea 
no deposit of free sulphur to conceal or be mistaken f< 
precipitation of arsenious sulphide. In the course of anal 
the mixed sulphides of arsenic, antimony, and tin, remaii 
after the removal of the sulphides insoluble in alks 
sulpliideB and recovered from solution by the action 
hydrochloric acid, require for their complete solution 

• From Am. Jou. 8cL, xltii, 38S. 
t Roie-Finkener, AiuL Cheat., IL 4S&. 
t Zeit. uial. Chetn.,xzU,l»2. 
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action of an oxidizing agent which most, of course, interfere 
with the immediate use of Koehler's method* If simple 
means can be found for the destruction of the excess of the 
oxidizing agent and the simultaneous reduction of the arsenic 
and antimony to the lower condition of oxidation, it is plain 
that the test for arsenic by passing hydrogen sulphide into 
the solution of antimony and tin in hot hydrochloric acid of 
half-strength should be sure and easy. In a former paper 
from this laboratory * a method was described for the quanti- 
tative separation of arsenic from antimony, based upon the 
reduction and volatilization of salts of arsenic by the action 
of a current of gaseous hydrochloric acid upon the solution 
containing potassium iodide. It is this reaction — the 
reduction of arsenic and antimony and the volatilization of 
the former by the simultaneous action of potassium iodide 
and hydrochloric acid — which we have now endeavored 
to apply in simple form to the rapid detection of small 
amoimts of arsenic associated with antimony and tin. We 
have studied the effect of repeated distillations of small 
portions of concentrated hydrochloric acid upon mixtures of 
the salts with potassimn iodide. The apparatus which we 
employ is essentially the distillation apparatus of Mohr, and 
consists of a 25 cm' flask fitted by means of a rubber stopper 
to a pipette bent, drawn out at the lower end, and dipped into 
a test tube which is at the ssmie time supported and cooled in 
a flask partly filled with water. The pipette tube is wide 
enough (about 0.7 cm. in diameter) to prevent the formation 
of bubbles within it, and the bulb, holding about 20 cm^ is 
suflScientiy large to retain any liquid which may be momen- 
tarily forced back by the accidental cooling of the flask during 
the distillation. 

In the test experiments recorded below the arsenic wets 
introduced into the flask in the form of arsenic acid dissolved 
with 3 grm. of potassium iodide in 5 cm' of water, an eqaal 
volume of the strongest hydrochloric acid (sp. gr. 1.20) was 
added, the distillation was carried nearly to dryness, and tixe 

• Gooch and Dmnner, Am. Jour. ScL, xlii, 808. Thli Yolume, p. 86. 
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d is t illa te was condensed in 10 cm' of a mixtnre of stro: 
hydrochloric acid and water in equal parts. The iodi 
evolved during the distillation was bleached by the additi 
to the distiUate of stannous chloride dissolved in hydiochlo! 
acid of half-strength, and hydrogen sulphide was passed 
precipitate Uie arsenic if present The residue in the fla 
was treated with 10 cm^ of the strongest hydrochloric ac 
and the process of distillation was repeated, but this time t 
distillate was condensed in 10 cm^ of water in order tl 
the final acidity of the hquid should be that of acid 
haif-fitrength, and so, after bleaching by stannous chlorit 
immediately available for the test for arsenic hj hydrc^ 
sulphide. Subsequent treatmente of the residue were carri 
out similarly until arsenic ceased to appear in the distillate. 
The results of experiments (1) to (6) show Uiat fo 
successive distillations of 10 cm* portions of the strong 
acid are enough to transfer 0.01 grm. of arsenic complete 
to the distillate, while a sii^le distillation appears to 
sofBcient to volatilize anything less than 0.003 grm. 

Experiments (6) to (9) made similarly with antimoi 
taken in the form of purified tartar emetic and oxidized 
iodine in alkaline solution previous to treatment, either alo 
or with arsenic, show that antimony is discoverable in t 
residues when even so little as 0.0001 grm. of that elemt 
is originally introdnced, though it was very evident thai 
portion of the antimony may pass to the distillate when mu 
of it is present in the flask. Indeed when large quantitieB 
antimony are treated the appearance of the brownisb-i 
fumea of antimonious iodide in the distilling tube may set 
as a very good indication that the concentration should go 
farther, since the antimonious iodide may, if it reaches t 
receiver in quantity, impart to the distillate a color which 
not diacha^ed, by the stannous chloride used to bleach t 
iodine and which makes it necessary to look subsequently J 
a precipitate of arsenious sulphide in a liquid of ite own tii 
The amount of antimony volatilized seems to he proportioD 
to the amount present, and, if the distillation is propei 
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conducted, enoi^h antimony remuns in the residue to be 
found if it was originally present in diacOTerable quantity. 
Tlie results of similar work with tin alone, and with tin 
and arsenic, are recorded in experiments (10) to (15)i and the 
evidence goes to show that, though like antimony it may pass 
to the distillate under the conditions, enough tin always 
remains to be found in the residue, if the amount originally 
taken was discoverable. 
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It is plain that a single distillation, which may easily be 
completed in five minutes, is sufficient to discover the presence 
of 0.0001 gim. of arsenic associated with so much as 0.4 grm. 
or 0.6 gnu. of antimony or tin. 

It is also evident that amounts of arsenic not exceeding 
0,003 grm. may be completely removed from the residne hy 



XXXI 
ON THE BLUE IODIDE OF STARCH. 

Bt CHABLOTTB F. ROBERTS* 

The interesting article by Myliusf on tiie composition of blue 
iodide of starch, and the reply to the same by Stocks,^ have 
' suggested to me a few simple experiments, the record of 
which will perhaps be interesting to others who, like myself, 
may have been puzzled to decide between the adverse views, 
especially since the papers above referred to are somewhat 
lacking, in certain portions, in experimental evidence of the 
facts stated. 

Mylius derives as the formula for the blue iodide of starch 
(CeHio06l),HI, in which n probably equals 4, and states that 
it is formed by the union of the colorless, or yellow, compound 
CsHioOsI with hydriodic acid or one of its salts. He afiSrms 
that a pure solution of iodine and starch gives no blue color, 
but that the liquid must contain an iodide, a trace of which is 
sufficient to bring about the desired result. 

My own study of the blue iodide of starch may be considered 
under two headjs : 

1st. Its Decompositions. 

2d. The Conditions of its Formation. 

1. Decompo9ition of Starch Blue. 

(a) By heat. The effect of heat on the blue iodide of 
starch is well known. If moderately heated, the blue color 
returns on cooling, but if strongly heated, in an open vessel, it 

* From Am. Jour. Sd., zlrii, 422. 
t Ber. Dtsch. chem. Ges., zx, 688. 
X Chem. News, lyi, 212. 
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r emains permanenily colorlesB. The explanaUons of this 

change, lio'wever, Iiave been varied, some authorities stating 

that all of the iodine is driven ofF i^ the stronger heat, otheis 

that it is converted into iodic acid, and still others that the 

product of the reaction is hydriodic acid. Stocks affirms the 

last, and a very simple experiment seems to support this view. 

If to the cooled, colorless liquid, a few drops of iodic acid be 

added, the clear blue color is immediately restored. This 

experiment -was perfonned in a platinum vessel, and the same 

lesulta were obtained whether iodic acid were used alone or 

mixed "with dilute sulphuric acid, though the latter acid by 

itself has no effect in restoring the color. That \maltei«d 

starch remains in this solution after heating, is proved by the 

foot- «-Vaf- » A-^r, „t ;,^:»„ ^»i,.« i\.„ ^^^A a»i..4^»» i.i..» 
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proofs which Mylius gives for the correctness of his views is 
that the blue color is destroyed by a silver salt, that the 
addition of pure iodine now does not restore the color, only 
turning it yellow, but that the addition of hydriodic acid or 
potassium iodide gives the blue at once. 

I have found, in fact, that a single drop of a very dilute 
solution of silver nitrate is sufficient to destroy the deep blue 
color in a test-tube full of Uquid. A natural explanation, in 
the Ught of the preceding experiments, is that the silver nitrate 
withdraws hydriodic acid ; and the ease and completeness of 
the change supports the view that this exists as such in the 
molecule, since in many organic compounds, the halogen is 
extracted only with difficulty if at all by silver nitrate. This 
view is still further supported by the fact that the blue color 
is immediately restored by the addition of a little hydriodic 
acid. The color is also restored, though not to its former 
depth, by the addition of a few drops of strong hydrochloric 
acid, or by a larger quantity of the dilute acid, though it is 
not affected by sulphuric acid. This can readily be explained 
on the supposition that the silver iodide is partially decom- 
posed by the hydrochloric acid, giving sufficient hydriodic acid 
to form some of the blue] iodide. That this is the correct 
explanation rather than that hydrochloric acid can be sub- 
stituted for hydriodic in the starch compound without changing 
its color is proved by filtering after adding silver nitrate, and 
adding hydrochloric acid to the filtrate, when no blue color is 
produced. 

If we concede that in all three of these cases the decom- 
position has been effected by a withdrawal of hydriodic acid^ 
it certainly shows a tendency for that portion of the moleculo 
to split off, which is suggestive of its existing already formed 
as such in the molecule, and in so far is in harmony with 
Mylius's views, though the mere fact that hydriodic acid is 
withdrawn is no proof that it goes into the molecule as sucln. 
The only portion of the above which can be considered at all 
as direct proof of Mylius's statement is that after the bliio 
color has been destroyed by silver nitrate, it can be reformed 
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the addition of hydriodic acid. This would Beem certainly 
itrong axgument in support of Myliua. 
We pass next to the consideration of 

2. The Condtiioru of Formation of Blue Iodide of Starch. 
Mylius makes three statements in regard to this which may 
e quoted here. 

C.!^ An aqueoiis solution of iodine cannot color starch blue, 
)ut the color appears immediately if a trace of hydriodic acid 
iiT potassium iodide be added. 

C2'> Iodine solutions which color starch blue contain hydri- 
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until the chloroform added remained perfectly colorlefis. 
Then, upon the addition of a few drops of iodic acid, and 
shaking, the chloroform became faintly but undoubtedly 
tinged with pink. It is proved, then, that this liquid which 
colored starch contained hydriodic acid, but it still remains 
an open question whether this iodide was an impurity in 
the iodine, not removed by its repeated washings, which 
seems hardly probable, or whether it is formed whenever 
iodine dissolves in water, and is therefore, in traces, a 
necessary accompaniment of every iodine solution. 

That glass has more powerful action on an iodine solution 
than has generally been supposed cannot however be doubted* 
My own attention has been drawn to this fact by the differ- 
ence in behavior of the liquid which results when starch 
blue is heated in a glass tube and that which is formed when 
the same compound is heated in a platinum vesseL In the 
first case the cold, colorless solution is turned blue by the 
addition of any acid, whereas in the latter case, iodic acid 
is the only one which has this power. In case sulphuric 
acid is added to the liquid before heating in the test-tube, 
the color is not restored by any acid, even iodic. 

Although I have found it impossible to mix carefully 
prepared solutions of iodine and starch without getting a 
blue color, if only a drop or two of iodine be added to an 
excess of starch, the blue foimed where the liquids first 
touch disappears in the mass of the liquid, and then the 
addition of hydriodic acid brings out the blue color dis- 
tinctly. This is in harmony with Mylius's statements, and 
also with the fact that in working with dilute solutions in 
a large bulk of alkaline liquid the deUcacy of the starch 
test for iodine is increased by the addition of two or three 
grams of potassium iodide. 

In a further effort to prepare iodine free from iodides, I 
have taken an iodine solution, shaken it with chloroform, 
rinsed with water, and finally drawn off the chloroform solu- 
tion. Then, upon adding pure water and shaking some of 
the mixture with starch, the starch remains uncolored. If, 
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however, this mixtoie of iodine in chloroform and pure 
water be heated and then cooled, or if it be exposed to the 
sunlight in a platinuni dish for about an hour, the mixture 
acquires the power of coloring starch immediately, and the 
colorless aqueous portion of yielding iodine to chloroform when 
treated with iodic acid. The appearance of free iodine, indi- 
cated by the chloroform, showed that hydriodic acid had been 
formed by the iodine and water on heating or in sunlight. 

It has just been shown that if a solution of iodine in 
chloroform be washed with water, separated from the aqueous 
portion, and starch added, there is no immediate change of 
color ; but the blue color may be brought out in three different 
ways: 

(1) By addition of a drop of dilute hydriodic acid. 

(2) By heating and then cooling the liquid. 
(8) By long standing. 

The evidence of (1) is a direct support of Mylius's views, 
and (2) and (8) may be considered as indiiectiy indicative 
of the same, since they give conditions under which hydriodic 
acid might presumably be developed. Further evidence in 
the same direction may be found in the following experiment. 
An emulsion of starch in chloroform was made, and to this a 
solution of iodine in chloroform added. The color remained 
unaltered, but the addition of a htUe potassium iodide, either 
in the solid form or in aqueous solution, immediately produced 
the blue color. The addition of pure water failed to give the 
blue color until after standing for several hours. 

There seems, then, to be sufficient evidence that all solu- 
tions which form starch blue contain an iodide, and also, 
considering the experiments with chloroform, that solutions 
freed from hydriodic acid cannot produce that color, although 
in my experiments I have not been able to make an aqueouB 
solution of iodine which did not turn starch blue, and which 
did not contam hydriodic acid. 

We pass now to the third argument of Mylius quoted above, 

viz. : the deterrent action of chlorine and iodic acid on the 

formation of starch blue. 

16 
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In regard to the action of chlorine, Stocks quotes the 
suggestion of Miller that it may be due to the formation of 
iodine chloride, which is well known to have a destructive 
effect on the blue iodide of starch. But even granting tiiis 
as an explanation, two questions remain to be answered; 
first, how is the iodine chloride formed, and second, what is 
its action on starch blue? It can hardly be supposed that 
the chlorine withdraws the iodine bodily from the organic 
molecule. A much more natural assumption would be that 
the chlorine decomposes hydriodic acid, setting free iodine ; 
and here we have sufficient cause for the destruction of the 
blue color. But granting that the reaction may go fartiier, 
and the iodine thus set free unite with an excess of chlorine 
to form iodine chloride, is not this also a body which might 
be expected to act by destroying hydriodic acid? I have 
found, in fact, that when iodine chloride is added to starch 
blue, iodine is set free, the result which might be expected 
if the iodine chloride acts upon the hydriodic acid in the 
compound according to the reaction : 

HI + ICl = HCl + I, 

This experiment was performed as follows : Iodine chloride was 
prepared by putting together potassium iodide and hydrochloric 
acid in an excess of iodic acid. It was then separated from 
the other bodies by extraction with ether, and to the ethereal 
solution starch blue was added. The color was taken from 
the starch, and the ether became darker and brown. To 
prove that this change in the ether was really due to free 
iodine, it was left standing over pure water for some time, with 
occasional shaking. Finally, some of this aqueous portion was 
shaken with chloroform, to which it gave the characteristic 
pinkish tinge. As iodine chloride gives no color to chloroform, 
this shows conclusively that iodine had been set free. 

There remains to be considered only the action of iodic acid 
on the iodide of starch. Its action on the precipitated blue 
after formation has already been referred to, so that, at this 
point, we need only consider its action in preventing the 
formation of starch blue. 
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It is an undeniable fact that wlien dilute solutions of iodine 
are used, iodic acid in sufficiently lai^ quantities prevents the 
formation of starch blue both when used alone, and when used 
with other acids, but a much smaller amount of iodic acid is 
necessary if mixed with another acid, as for example, sulphuric 
acid. This may be explained either on the assumption of a 
more rapid action when sulphuric acid is used, as Landolt * has 
found to be the case in the reaction between iodic acid and 
sulphurous oxide, or in the case of ordinary iodine solutions 
prepared and kept in glass vessels, it may be supposed due to 
the fact that the liquid contains iodides and iodates derived 
from the glass. I have tried bringing together extremely 
dilute solutions of iodic acid and of potassium iodide, and 
found that no perceptible amount of iodine is set free, though 
in more concentrated solutions the iodine is set free in nearly 
the quantitative yield represented by the equation : 

SKI + 6HI0. = 6KI0. + 3H,0 + 31, 

In tins reaction, however, the amount of iodine found is always 
a trifle too low, probably due to the fact above shown, viz : 
that in very dilute solutions, the iodide and iodic acid do not 
react on each other, except in presence of another acid. The 
dihite sulphuric acid alone when added to starch blue does not 
bleach the color, but diminishes the intensity to an appreciable 
degree. 

The amount of iodic acid necessary to prevent the formation 
of the blue color depends not only on the amount of other 
acid present but also on the order in which the reagents are 
put together. Thus I have found in several cases that, with a 
definite amount of iodic acid and iodine, there was no color 
produced if the iodine, iodic acid, and sulphuric acid were 
mixed first, and left standing for some minutes or half an hour 
before adding the starch ; whereas, if the starch were put in 
first and the other three constituents added directly, a blue 
color would result which could only be destroyed on long 
standing and shaking, if at all. 

*Ber. Dtsch. chem. Gef.> xz, 746. 
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In general, the amount of iodic acid necessary to preTent 
the formation of the starch blue seems in very great excess of I ^ 
that which would be necessary to destroy all of the hydriodio \ ^ 
acid which can possibly be present. It is only by following 
the precautions suggested above that the iodic acid needed can 
be made to bear any reasonable relation to this hydriodic acid. 
I have dissolved iodine in a mixture of iodic and sulphuric 
acids, and added starch and obtamed immediately a blue color, 
though naturally not as deep and intense as would be obtamed 
without the iodic acid. This solution was as strong as possible 
of iodine, being made up with powdered iodine in a platinum 
dish, and containing always some of the undissolved solid. 
The liquid poured off from this, whether filtered or not, and 
even when it had considerable iodic acid added to it, refused 
under any circumstances to give a colorless liquid with starch ; 
and the same was found true even when it was left steuiding 
with additional iodic acid for half an hour before the starch 
was added. 

These facts, and the fact that the purest possible freshly 
prepared aqueous solution of iodine may be shown to contain 
hydriodic acid, have suggested to me the possibility that 
hydriodic acid may be constantly forming in traces i^hen 
iodine dissolves in water, and that, therefore, no aqueous 
solution can be free from it whether kept in glass or noY^ 
though there is no doubt that the glass may greatly increase 
the amount. So many facts seem to point to the truth, that 
hydriodic acid or one of its salts is taken up as such into the 
molecule of the blue iodide of starch that the &ct of the large 
amount of iodic acid necessary to prevent its formatiorL can 
hardly be considered a sufficient argument against that l3elief , 
though we naturally question what may be the reason for 
this necessary excess. There seem to me to be two possible 
explanations, either the iodic acid destroys hydriodic ax^id 
much less readily in dilute solutions than has been generally 
supposed, or some hydriodic acid is constantly being formed 
in an iodine solution, and perhaps the correct explanation, lies 
in the union of these two. 
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Landolt* has made some investigation of l^e reaction 
between iodic acid and hydriodic acid in dilute solutions, and 
has found that in an extremely dilute solution, nineteen 
seconds may elapse before the formation of iodine maJkes itself 
manifest by the blue color given to starch. I have used even 
diluter solutions than he, and found that with 0.000009 grams 
iodic acid and 0.000083 grams potassium iodide in 20 cubic 
centimeters of water, no color appeared with starch until 
several minutes had elapsed if only a small quantity of 
sulphuric acid was present, whereas if one-fourth of the liquid 
consisted of dilute sulphuric acid, a blue tinge appeared 
immediately. The completeness of the reaction in a given 
time, then, is seen to depend on the amount of sulphuric acid 
present, and there is nothing to show whether it is finally 
complete or whether there may be left traces of undecomposed 
hydriodic acid. 

If we assume that hydriodic acid is constantly being formed 
in traces in an iodine solution, and remember that the reaction 
between hydriodic acid and iodic acid is not an immediate one 
in the presence of a large quantity of water, we can understand 
why a considerable excess of iodic acid must be used in order 
to destroy completely the last traces of hydriodic acid and 
thus entirely prevent the formation of starch blue. 

*Ber. Dtfch. chem. Gefl.» xix, 1817. 
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THE DETECTION OP ALKALINE PERCHLORATES 
ASSOCIATED WITH CHLORIDES, CHLORATES, 
AND NITRATES. 

Bt F. a. GOOCH AMD D. ALBERT KBEIDER.* 

Thotjoh perchloric acid in the free state is an exceedingly 
active body, its combinations with alkaline metals are, as is 
well known, so characterized by inertness toward ordinary 
reagents that in order to effect its detection it has been 
customary to place dependence either upon the insolubility 
of the potassium salt in alcohol, or upon tests for the corre- 
sponding chloride derived by ignition. 

In experimenting at high temperatures upon mixtures of 
potassium perchlorate with salts of the halogens we have 
found it possible to effect the liberation of the halogen to a 
greater or less degree by the oxygen of the perchlorate, but 
the amount thus evolved has never been sufficiently complete 
or regular to warrant the application of the reaction to the 
quantitative determination of the perchlorate. In two parallel 
experiments, for example, a mixture of the double chloride 
of aluminum and sodium with 0.05 grm. of potassium per- 
chlorate evolved in fusion in a tubulated flask (which waa 
fitted by a ground joint to an inlet tube carrying a constant 
current of carbon dioxide and connected with Will and 
Varrentrapp absorption bulbs filled with a solution of potassium 
iodide), an amount of chlorine corresponding to 0.0482 grm., 
and 0.0460 grm. of the perchlorate. A similar experiment 
conducted in an atmosphere of hydrochloric acid gas and 
carbon dioxide in mixture yielded QhXorinQ amounting to 
0.0477 grm. of the perchlorate. FiifiiQ„ of tbe perchlorate 

* ^^m Am. Jour. Set, ^^^ 
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with cadmium iodide resulted in the liberation of much 
oxygen accompanying the iodine, and a mixture of zinc 
chloride with potassium iodide (melting at about 200° C), 
yielded a large evolution of oxygen which was somewhat 
diminished but not wholly prevented when manganese 
chloride was included in the mixture. A series of fourteen 
experiments in which mixtures of the perchlorate with potas- 
sium iodide were treated with meta-phosphoric acid (made 
by heating the syrupy ortho-acid to 860° C.) in an atmosphere 
of carbon dioxide showed deficits in the amounts of iodine 
evolved amounting to 1.7 per cent, on the average, between 
extremes of 8.6 per cent in excess and 7.7 per cent in 
deficiency, and these particular experiments doubtless point 
to a more complete utilization of the oxygen of the perchlorate 
than was actually attained owing to the inevitable partial 
decomposition of hydriodic acid at the temperature necessary 
to effect the decomposition of the perchlorate. 

We have, however, succeeded in developing a simple and 
delicate method of detecting perchlorates, and one which 
may be applied without great sacrifice of delicacy to mixtures 
of the perchlorates with chlorides, chlorates, and nitrates. It 
is evident that for a rapid qualitative test conditions should 
be so chosen that the effect of atmospheric air shall not 
interfere with the certainty of the indication. Of the various 
salts which we have employed we choose by preference fused 
zinc chloride, chiefly because, while sufficiently energetic in 
its action upon the perchlorate, it does not, like manganese 
chloride or the double chloride of alimiinum and sodium, 
evolve chlorine under the influence of ordinary air at the 
high temperature of the reaction. 

In the experiments recorded in Table I. portions of a solu- 
tion of potassium perchlorate were evaporated to dryness in 
a test tube and the residue was fused with anhydrous zinc 
chloride. A trap made by cutting off an ordinary two-bulbed 
straight drying tube was hung with the larger end downward 
in the test tube, after moistening the interior of the bulbs 
with a solution of potassium iodide. The chlorine evolved 
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registered by the iodine set free from 
itly washed with a little water from 
starch emulsion. 

TABLB L 



Indiofttioii b]r 
the ■taroh tart. 



Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Distinct 

Distinct. 

Trace. 

None. 

None. 

None. 



*m. of potassium perchlorate is sure 
: course, evident that the presence of 
1 test can in no way interfere with 
dication. All substances, however, 
lecomposition or by the action of the 
destroyed before the application of 
periment that 0.1 grm. of potassium 
oken up by treatment with 5 cm^ of 
LC acid and evaporation to diyness. 
3ld so readily to the decomposing 
ekcid and may be detected in the 
J- treatments. To destroy nitrates, 
the general plan of decomposition 
ve method for the determination of 
ated in this laboratory * and treated 
I tested with 2 cm^ of a saturated 
doride in the strongest hydrochloric 
aporated to dryness, and the residue 
ly with one or two cubic centimeters 
icid. This method of decomposing^ 

Jour. Sci., xlir, 117. This rolume, p. 132. 
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the nitrate is peculiarly adyantageous since the decomposing 
agent is itself an excellent indicator of the completeness of 
the work of removaL Two or three treatments serve to 
remove the nitrate entirely ; hut hef ore proceeding with the 
test it is necessary to remove the manganese which has heen 
introduced, inasmuch as manganese chloride will of itself 
evolve chlorine, by exchange for oxygen, when heated in air. 
Sodium carbonate in solution answers the purpose of remov- 
ing the manganese (together with other interfering substances) 
and the filtrate from the precipitated manganous carbonate 
leaves on evaporation a residue, which, when treated with 
the anhydrous zinc chloride, gives indications for the per- 
chlorate if it is present in appreciable amount. The results 
of a series of tests for potassium perchlorate associated with 
the chlorate and nitrate of the same element are recorded in 
the following table. 

TABLE n. 



K010« 


KOlOs 


KKOs 


Treatment for the Temoral 


Indiofttion of the 


takan. 


tek«n. 


taken. 


of ohlonte and nitrate. 


perchlorate. 


Snn. 


fnn* 


gniL 






0.0006 






By Ha 


Strong. 


0.0008 






ByHCl 


Strong. 


0.0002 






By Ha 


Good. 


0.0001 






By Ha 


Good. 


O.OOOl 






By Ha 


Trace. 


0.0006 


6.1 


6.i 


By HCl + Mna, 


Strong. 


0.0008 


0.1 


0.1 


By HCl + MnCl, 


Good. 


0.0008 


0.1 


0.1 


By HCl + MnCla 


Good. 


0.0002 


0.1 


0.1 


By HCl + MnClj 


Trace. 


O.OOOl 


0.1 


0.1 


By BCl + MnCla 


Trace. 


0.0000 


0.1 


0.1 


By HCl + MnCl, 


None. 



It is plain that 0.0001 grm. of potassium perchlorate may 
be found with certainty when associated with 0.1 grm. of the 
nitrate or chlorate or both 
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THE ACTION OF REDUCING AGENTS ON IODIC 

ACID. 

By CHARLOTTB F. BOBERTS.* 

I. 7^ Absorption of Nitric Oxide by Iodic Add. 

The following investigations were first undertaken with the 
object of studying the solubility of nitric oxide in iodic acid. 
Although most chemical authorities agree in the statement 
that nitric oxide is absorbed by iodic acid with the separation 
of iodine, there is a certain indefiniteness with regard to the 
degpree of solubility, which led me to investigate the subject 
for myself. Thus, Gmelin-Kraut states that " All the lower 
oxides of nitrogen decompose iodic acid into iodine and nitric 
acid, but the decomposition takes place only in presence of a 
considerable quantity of water," but the degree of ease with 
which the decomposition takes place meets with no comment, 
and the ** considerable quantity of water " seems a somewhat 
indefinite condition. Kammerer,f who is the authority re- 
ferred to for the above facts, and who, some years ago, made 
a thorough study of iodic acid, says, without referring to any^ 
illustrative experiments, "At ordinary temperature, I2O5 is 
reduced only in aqueous solution by nitric oxide, but this gas 
is without action upon the water-free acid and its solution in 
concentrated sulphuric acid. At 100° the latter is very slowly, 
the water-free acid not at all decomposed." 

A portion of this latter statement was very easily verified. 
Some nitric oxide was passed through the dry acid, and other 
portions were collected and allowed to stand over sulphuria 
acid solutions of HlOg and I^O^, without any appreciable 
separation of iodine. 

* From Am. Jour. Sci., xlyiii« 151. t Jour. pnik. Chem., Izzxiii, 73. 
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In order to test the solubility of the gas in aqueous solu- 
tions of iodic acid, the nitric oxide was prepared in a generator 
containing potassium nitrate and ferrous sulphate, the air 
having been previously driven from the apparatus by means 
of carbon dioxide. The gas was next passed into a Will and 
Varrentrapp tube containing potassium iodide, and then into 
a Greissler bulb containing the iodic acid. The experiment 
was made several times with iodic acid of various degrees of 
concentration, and always with the same result. There was 
no evidence of iodine being set free from the iodic acid, 
though the Uquid showed occasionally a barely perceptible 
tinge of yellow. There was, however, a smaller amount of 
nitric oxide collected, by two or three cubic centimeters, than 
should have resulted from the amount of nitrate used, and, on 
two or three occasions, an odor like that of chlorine was 
observed about the Geissler bulb when the apparatus was 
disconnected, which could only be explained on the suppo- 
sition that gaseous hydrochloric acid was carried over from 
the generator through the potassium iodide. 

A later experiment in which nitric oxide was collected 
in a tube containing iodic acid and hydrochloric acid so dilute 
that no reaction took place between the two acids in the cold, 
showed that under these circumstances the nitric oxide was 
absorbed without any separation of iodine and that the liquid 
became yellow and gave an odor like that of chlorine, so that 
the above seemed a plausible explanation of the disappearance 
of some nitric oxide in the Geissler bulb without a simultan- 
eous liberation of iodine. 

Two or three experiments were then made with the 
apparatus as before excepting the addition of a new absorp- 
tion tube containing silver nitrate to prevent the hydrochloric 
acid from going over into the iodic acid. Still there was no 
evidence of iodine being set fiee. It seemed apparent, then, 
that the nitric oxide was not so soluble in iodic acid that 
it could be absorbed by simply passing it rapidly through the 
solution. 

To determine whether the gas was soluble upon long 
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contact with the iodic acid or not, different portions were 
collected in U tubes closed at one end and filled with solu- 
tions of iodic acid of different degrees of concentration. The 
gas had been collected and allowed to stand over potassiiun 
iodide and sodium hydroxide for from twenty-four to 
forty-eight hours before being transferred to the U tube, 
in Older to remove completely any other oxide of nitrogen 
which might be present. Solutions of iodic acid were used 
in the different U tubes varying from a saturated solution 
containing about 50 grams to 25 cubic centimeters to a rather 
dilute solution containing not more than 5 grams to 25 culnc 
centimeters. There was no apparent absorption as the gas 
passed up through the liquid, but after the nitric oxide had 
been standing over the iodic acid for a few moments, iodine 
appeared on the surface of the liquid. This deposit gradually 
increased in amount and the liquid rose in the tube, reaching 
its maximum in twenty-four hours or less, depending on the 
amount of gas used. 

The result of my experiments, then, has been to show that 
nitric oxide is absorbed by solutions of iodic acid of any 
degree of strength, but the reaction takes place slowly even 
when the gas is confined over the acid, and not at aU when 
passed rapidly through the solution. 

n. The Action of BediuAng Agents on Iodic Acid in the 

presence of Hydrochloric Acid. 

It has already been stated that when the nitric oxide was 
collected over iodic acid mixed with dilute hydrochloric acid 
the gas was absorbed, but there was no liberation of iodine, 
and in some cases an odor like that of chlorine was observed 
when the tube was opened. A similar phenomenon was noticed 
with several other reducing agents. It is well known thttt 
iodic acid with strong hydrochloric acid, or heated with dilute 
hydrochloric acid, forms iodine chloride and may set free 
chlorine, but in these experiments the dilute acids were 
used in the cold, and there was no change apparent untdl 
the reducing agent was added. Besides the nitric oxide» 
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other substances which had a similar effect were potassium 
iodide, sodium thiosulphate, arsenious oxide, ferrous sulphate, 
stannous chloride, and potassium sulphocyanide. If the 
reducing agent was added in a veiy concentrated form, iodine 
was sometimes evolved, and in many cases traces of iodine 
would first form where the reagent touched the liquid, but 
would disappear on shaking, and a light yellow liquid would 
result with an odor like that of chlorine. 

The first explanation of this phenomenon that suggested 
itself was that the iodic acid was not immediately com- 
pletely deoxidized by the reducing agent but was first 
transformed to a lower oxide of iodine* which was more 
active and therefore more easily acted upon by hydrochloric 
acid than the iodic acid itself, and that the chlorine thus 
set free united wholly or partially with the iodine formed by 
the first reduction. It was with the object of studying the 
reduction of iodic acid in the presence of hydrochloric acid 
that some experiments were undertaken with potassium iodide, 
iodic acid, and dilute hydrochloric acid. Potassium iodide was 
chosen as the reducing agent on account of the simplicity of 
its oxidation products. Approximately ^v solutions of iodic 
acid and potassium iodide were used and dilute hydrochloric acid 
of specific gravity 1.05. The latter acid was so dilute that it 
could be added in apparently indefinite quantities to the iodic 
acid without producing any perceptible odor or change of color. 

With 10 cm* of iodic acid and half that volume of hydro- 
chloric acid, if the potassium iodide was added gradually from 
a burette, the addition of 4 or 5 cubic centimeters gave a clear 
light yellow liquid in which no free iodine could be proved 
either by starch or chloroform. As the amount of potassiiun 
iodide increases, the liquid gradually becomes orange until 
finally particles of iodine are precipitated out and accumulate 
until they reach the quantitative yield represented by the 
common equation: 

SKI + HIO. + 6HC3 = 3HtO + 6KC1 + 31,. 
• Gmelin-Erant, Anorgaoische Chemie, 1, 2, 290-202. 
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These phenomena seem to indicate that the reaction takes 
place in two steps, giving first the iodine chloride, and then 
the decomposition of this by means of more potassiimi iodide 
setting free iodine. Even after solid particles of iodine appear 
in the liquid, starch paste is not colored blue, showing the 
well-known disturbing action of the chloride of iodine. That 
the intermediate product is essentially the monochloride of 
iodine instead of the trichloride may be inferred from the 
superior stability of the former in dilute solutions containing 
hydrochloric acid, since most authorities agree that the tri- 
chloride is completely broken up in dilute solutions into 
the monochloride, iodic acid and hydrochloric acid. If any 
trichloride were first formed and underwent this decomposi- 
tion, the final form of the reaction would be the same as 
.if the monochloride were the sole product. This inference 
was further confirmed by later results and by the following 
experiment. 

The clear yellow liquid obtained by putting together 10 cubic 
centimeters of iodic acid, half that volume of hydrochloric 
acid, and 4 cubic centimeters of potassiimi iodide was agitated 
with benzene which is said to dissolve iodine trichloride with 
a dark cherry-red color.* The result was a barely perceptible 
pinkish tinge to the benzene, which left no appreciable residue 
on evaporation. After separating the benzene and adding 
ether, the color was quickly taken from the aqueous solution, 
and the ether became yellow and, on evaporation, left a con- 
siderable quantity of a volatile reddish-brown liquid. This 
experiment showed plainly that the essential product was 
iodine monochloride. 

In three different ways I have tried to estimate the propor- 
tions in which iodic acid and potassium iodide unite in presence 
of an excess of the former and hydrochloric acid. The direct 
method of letting potassium iodide of known streng^th slowly 
into a mixture of the two acids and determining the first 
appearance of free iodine is difficult on account of the action 
of the iodine chloride on the blue iodide of starch which 

* Ladenburg, Handworterbuch, t, 860. 
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one would naturally ose as an indicator. I have succeeded, 
however, in getting an approximate result, by taking out a 
drop of the liquid from time to time and testing on starch 
paper. With 6 cubic centimeters of iodic acid, 9.6 cubic 
centimeters of potassium iodide were added before there 
was any effect on the starch paper. This would indicate 
molecular proportions of iodic acid to potassium iodide as 
1 : 1.9. 

In the second method, 20 cubic centimeters of iodic acid, 10 
of hydrochloric acid, and 4 of potassiimi iodide were put 
togetiier, the resulting iodine chloride was extracted with 
ether and separated with a separating funnel. The aqueous 
solution containing free hydrochloric acid was then treated 
with an excess of potassiiun iodide and the amount of iodine 
set free determined, after neutralization, by alkaUne arsenious 
acid. From this the iodic acid remaining in the solution after 
the extraction of the iodine chloride could be readily estimated, 
and the difference between this and the amount taken gave 
the amount used in the reaction. Three trials of this experi- 
ment gave the following results for the molecular proportions 
in which the iodic acid and potassium iodide unite in presence 
of hydrochloric acid while the iodic acid is in excess : 

HIO,:KI \ 

, 1 ; 1.99 f ^^^'^g^ = 1 ' i-^^- 

' 1:1.9 ; 

The third method consisted in putting together the reagents 
in the same proportions as above and then decomposing the 
iodine chloride with acid potassium carbonate and estimating 
by alkaline arsenious acid the iodine set free. Accordini? to 
^y-Lussac. the reaction between iodine chloride a^ an 
alkali is represented thus: 

6K0H + 6IC1 = 6KC1 + KIO, + 3H,0 + 21^ 

The iodine shown by the arsenious acid is then only \ of that 
in the iodine chloride. Making this correction and knowing 
the amount of iodine in the potassium iodide used, it becomes 
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&D easy matter to deteimine the iodic acid which has oon- 
tributed to the formation of the iodine chloride. 
The following reanlts were obtained : 
HIO,:KI 

^ATerage = 1:1.97. 



:0,:KI ) 
1 : 1.92 {a 
1 : 2.02 > 



The three methods, tlien, f^ree fairly well in indicating two 
molecules of potassium iodide to one of iodic acid, a reaction 
which would be espiessed by the following equation: 
HIO, + 2KI + 5HC1 = 3H,0 + 2KC1 + 3IC1. 
The formation of iodine monochloiide has thos been proved 
by three methods, two of which would be sufficient to establish 
the reaction. The first two methods aie independent of the 
reaction between iodine monochloride and carbonated alkaliftH, 
while the third depends directly upon that reaction. Assuming 
the correctness of Gay-Lussac's equation, this third method 
may be taken simply as an additional way of proving what 
has been already sufficiently established in two different ways. 
On the other hand, considering the formation of iodine chloride 
sufficiently established by the two otiier methods, the last set 
of experiments may be used to discriminate between Gay- 
Lussac's and Griineberg's reactions. The latter * states, with- 
out describing his work in detail, that he has found by many 
carefully repeated experimente that the action of alkaline 
xinates on iodine monochloride gives potassium chloride and 
issium chloiatd and all of the iodine is set free. My results, 
rever, show the correctness of Gray-Lusaac's equation, since 
) only on the assumption that four-fifths of the iodine is set 
I that my third method of work gives results corresponding 
b those obtained in two other ways. Moreover, some iodine 
>ride VBS prepared by putting together potassium iodide, 
an excess of iodic uid hydrochloric acids, and extracting 
1 ether, specially purified hy standing- over sodium bisulphite 
distilling from sodium hydroxide, portions of this ethereal 
tion were drawn off from a borette gfi^ treated vrith potas- 
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simn iodide, and the iodine estimated by sodium thiosulphate. 
Similar portions were then treated wit^ hydrogen potassium 
carbonate, and the iodine estimated by arsenious acid. 
Gruneberg^s reaction would demand that one-half as much 
iodine should be set free in the latter case as in the former, 
instead of which only foxuvfifths of that amount was found, 
which is in direct agreement with Gray-Lussac's equation. 

nL Action of Iodine on Iodic Add in preience of Hydrochloric 

Acid. 

Some light is thrown upon the reaction just established by 
the behavior of free iodine in a mixture of iodic and hydro- 
chloric acids. 

Although a solution of iodine in iodic acid turns starch blue, 
and also one of iodine in hydrochloric acid, if the solutions 
be mixed the starch immediately loses its color, but regains it 
on the addition of alkaline carbonate. Also, if a colorless 
mixture of iodic and hydrochloric acids be taken, and aqueous 
iodine added gradually from a burette, the first effect of the 
addition is to make a colorless liquid in which the presence 
of iodine can be proved only upon addition of an alkaline 
carbonate. Further addition of the iodine gives a yeUow 
liquid whose properties and reactions seem identical with that 
obtained by putting together iodic and hydrochloric acids 
and potassium iodide. This same liquid may be produced by 
allowing iodine to dissolve slowly in the cold in a mixture of 
dilute hydrochloric and iodic acids. 

Apparently, then, the action of reducing agents is to set 
free iodine from the iodic acid, and this dissolves in a mixture 
of iodic and hydrochloric acids to form iodine chloride. Two 
experiments were made to determine the proportions in which 
the iodine and iodic acid unite in this reaction. Solid iodine, 
in carefully weighed quantity, was allowed to dissolve in 
a mixture of the acids, then the acid was neutralized with 
alkaline carbonate, and the iodine set free estimated by means 
of arsenious acid. The molecular proportions of iodic acid to 
iodine as found were as follows : 

17 
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HIO, : I 
1 : 4.02 
1 : 4.07 

The same proportions were obtained by direct titration of 
iodic acid against a solution of iodine in hydrochloric acid 
of known strength. The operation was perf oimed in a flask, 
a definite quantity of iodic acid being first introduced and 
then the solution of iodine added from a burette until, upon 
shaking the flask, the presence of free iodine was indicated by 
the characteristic color given to chloroform. 

The molecular proportions found were : 

mo,: I 

1 : 4.02 
1:4.06 

These results, it will be seen, are in complete accordance 
with those obtained by the former method and indicate the 
following reaction: 

HIO, + 21, + 6HC1 = 3H,0 + 5IC1. 

The equation obtained above for the reaction between iodic 
acid, potassium iodide, and hydrochloric acid, viz.: 

mo, + 2KI + 6HC1 = 3H,0 + 2KC1 + 3IC1, 

can be derived directiy by a combination of the ordinary equa- 
tion, in which iodine is set free, 

[SKI + HIO, + 6Ha = 3H,0 + 6KC1 + 3I,]2, 

with the equation just established, 

[HIO, + 21, 4- 6Ha = 3H,0 + 6ia]3, 

in which the iodine reacts upon iodic acid. This fact supports 
the assumption that the effect of a reducing agent upon an 
excess of iodic acid in presence of hydrochloric acid is to set 
free iodine which then dissolves in a mixture of the two acids 
to form iodine monochloride. 

Iodine has apparentiy no effect upon either acid taken singly, 
and there is nothing in these experiments to show whether the 
action of the iodine on the iodic acid in the mixture of the 
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two acids ia in the first instance of an ozidiz 
nature. It may be ttiat the iodic acid is fir 
lower oxide, as has been pieTiously suggest 
oxidized to periodic acid. The first condition 
equations I, and the latter in equations 11, f 
seen that either assumption agrees with the 
established. 

( 2HI0, + I, + 2HC1 = I^Ot + 2H,0 + 2] 
L J 1,0, + 31, + 8HC1 = 4H,0 + 8IC1 
( Combined : 2HI0, + «, + lOHCl = 101 
( 2HI0, + 2H,0 + 21, = 4HI + H,0 + I, 
TT 3 1*0, + 4HI + lOHCl = 7H,0 + 6IC1 + 
} 2C1, + 21, = 4IC1 
' Combined : 2HI0, + 41, + lOHCl = 101 
In any case it is evident that the mixtur 
iodic acid, both otdinanly oxidizing agents, i 
the decomposition of hydrochloiio acid with t 
iodine monochloride. 
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THE GENERATION OF CHLORINE FOR 
LABORATORY PURPOSES. 

Bt F. a. GOOCH ▲nd D. ALBERT EBEIDEB.* 

That chlorine may be generated in a state of greater oi 
less purity, variable with the conditions of evolution, by the 
action of hydrochloric acid upon potassium chlorate has been 
shown by Pebal f and Schacherl, X but the application of this 
fact to tiie practical generation of chlorine for the purposes 
of the laboratoiy has not to our knowledge been proposed. 
The desirability of an automatic generator from which an 
abundant flow of chlorine gas may be drawn at will or shut 
off without danger or inconvenience has led us to a study of 
the conditions most favorable to the safe evolution of chlorine 
by the action of the chlorate. 

Pebal § showed that the gas evolved at ordinary tempera- 
tures from a mixture of potassium chlorate and sodium 
chloride acted upon by sulphuric acid diluted with twice its 
volume of water consists of chlorine and chlorine dioxide 
in nearly equal proportions. Schacherl || found that when 
potassium chlorate was acted upon by hydrochloric acid 
diluted with twice its own volume of water the yield of 
chlorine was about 46 per cent or 67 per cent of the mixed 
gases according as the chlorate was granular or in fine powder ; 
that hydrochloric acid of half-strength yielded a gas containing 
nearly 60 per cent of chlorine, and that the proportion of 
chlorine rose nearly to 68 per cent when the gas was passed 

« From the Am. Jour. Sci., xlriii, 16S. 
t Ami. Chem. (Liebig), clzxrii, 1. 
t Ibid., clzzzii, 197. 
S Loc. dt n Loc. dt 
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through concentrated hydrochloric acid and then washed with 
water; that the chlorate when acted upon by the strongest 
hydrochloric acid cooled to 0® C, and then warmed only 
enough to start the action yielded a gas carrying 87 per cent 
of chlorine ; and that when a solution of potassium chlorate 
was permitted to flow into hot strong hydrochloric acid the 
free chlorine constituted nearly 95 per cent of the mixture. 
So it appears that the highest yield of chlorine resulted 
when the solution of the chlorate entered gradually the hot 
strong acid — a condition not easily attained in an automatic 
generator. 

The fact that chlorine dioxide is so easily decomposed 
by heat into chlorine and oxygen naturally suggests the 
possibility of increasing the proportion of chlorine evolved in 
the first instance by working at the highest temperatures 
practically attainable under the conditions. In order, how- 
ever to secure a temperature approaching the boiling point of 
water it is necessary to reduce somewhat the strength of the 
hydrochloric acid acting (in order to avoid the evolution of 
hydrochloric acid gas and the consequent interference with 
the regular automatic action of the generator), thus sacrificing 
the advantage naturaUy' attending the use of acid of the 
highest degree of concentration. Upon experiment we find 
that acid of half-strength (sp. gr. 1.10) can be made to yield a 
very satisfactory proportion of chlorine. We have employed 
in our work potassium chlorate fused (best in platinum) and 
cast in sticks or broken into coarse lumps. A small Kipp's 
apparatus, holding about a half -litre of liquid in the two 
lower chambers, makes a convenient generator, and the 
requisite temperature may be secured by wrapping the two 
lower chambers with flexible metallic tubing through which 
steam is driven, or, with equal convenience, by simply 
standing the whole apparatus in heated water. When the 
simple precaution is taken to heat the acid to 60^ or 70^ C. 
before allowing it to come slowly into contact with the fused 
chlorate no di£Sculty whatever is met with in the practical 
automatic working of the generator; but if cold acid is 
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permitted to act upon the chlorate it becomes charged more 
or less with the chlorine dioxide and a subsequent rise of 
temperature may cause dissociation of the explosive gas with 
sufficient suddenness to expel the liquid from the generator 
with considerable violence. The gas evolved directly from 
the generator is never pure chlorine. To determine the 
relative proportions of chlorine and chlorine dioxide (the sole 
products of the action according to Pebal) the gas as it issued 
from the generator was passed through two pipettes fitted 
with glass stop-cocks and joined to one another. After allow- 
ing a reasonable time for t^e complete expulsion of air from 
the pipettes the stop-cocks were closed, and the pipettes were 
disconnected from one another and from the generator. The 
gas contained in one of the pipettes was slowly forced by 
means of carbon dioxide through a solution of potassium 
iodide ; that in the second pipette was driven slowly by 
means of carbon dioxide through a hard glass tube filled 
with asbestos and heated to redness by a Bunsen burner, an^" 
then passed through a solution of potassium iodide. T^ 
iodine set free in each case was determined in the acidifi 
solution by standard sodium thiosulphate, and the differen 
in the amounts of iodine found was attributed to the acti- 
of the oxygen of the chlorine dioxide. It was assume^ 
the gas filling the pipettes ranged in line was \iP^!^ 
neously distributed, and this assumption is ptoba\>\^ 
enough true for the purpose of this diacxiBBiOTi. 
perature of the acid in the generator ^^^^ a 
inserting a thermometer in the lowest dK J^^^^ 
erator, so that the indication for the tv.- ^ ^ ^^ 
approximate. P^Uit ol ^jcj,^ 

In two experiments made with acid 
indicated temperatures of 60'' and 8l^ ^ ^^^^-^tt^ 
amounted to 81.6 per cent and 84 p^i* ^"^^ ^^cT^^ 
mixture. In a comparison experimXI^ ^^^t y^^^^< 
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hBli-steeu^ 0^o5c/ ^^' ^ productive of a more favorable 
yield tiuui ^^ ^^ ^^gest acid at 50\ 



TempeiaW^ ^ ^^ much higher than those employed can 
hardly be 8^^. . ^^^tinuallj under the conditions of work, 
and yet it is V^^ that a considerable amount of the oxide 
BtiU accompanied the chlorine. We made the attempt, there- 
fore, to accoinplifih the destruction of the oxide by passing 
the mixed gases as they issued from the generator through 
a small wash-bottle containing a hot saturated solution of 
manganous chloride in strong hydrochloric acid, making use 
of a device previously employed in this laboratory for the 
decomposition of nitric acid and chloric acid.* The resulte 
of several experiments conducted in this manner are recorded 
in the accompanying statement The gas after leaving the 
manganous chloride passed through a small wash-bottle filled 
with water, was dried by calcium chloride, collected in the 
pipettes arranged in train, and analyzed by the method pre- 
viously described. 
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It is evident from these figures that the efficiency of the 
manganous chloride is considerable and naturally most 
manifest when the current of gas is slow. Indeed, during 
the passage of gas through the manganous salt small bubbles 
of chlorine are evolved from the entire surface of the liquid. 
The washed gas is pure enough for most laboratory purposes, 
but if chlorine perfectly free from chlorine oxide is desired it 
may be obtained by passing the washed gas through a hard 
glass tube filled with asbestos and heated by a Bunsen flame. 

« Am. Jonr. Sci., xliy, 117 ; xlyi, 231. This Tolume, pp. 182, 219. 
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"^aaie, a»^ automatic in action. 
jo"-D**^^ ^ single gtam of potasBium chlorate prodnces 
InaBmuc ^ ^ yiaif-lit«r of chlorine, and a cubic centimeter 
approxvm ^ ^^^j^ it is obviouB that a very compact generator 
* may be capable of delivering a considerable 

supply of the gas, and we have found the 
diminutive apparatus shown in the accom- 
panying figure an exceedingly convenient 
addition to the f oruishings of the laboratory 
table when chlorine is needed frequently 
and in small amounts. This little gener- 
ator is easily made of a side-neck test-tube, 
funnel tube, stopper, glass stop-cock, and 
flask. The upper chamber of the test-tube, 
which LB constricted near the middle, holds 
easily ten grams of the fused chlorate, and 
when the outer flask is filled with hot water 
the automatic action is satisfactoiy for a 
considerable length of time. A little wash- 
bottle containing a hot saturated solution of manganous 
chloride in strong hydrochlorio acid is a desirable addition 
when a purer gas is needed than that delivered directly from 
the generator, and the attachment of the ignition tube makes 
it possible to secure tiie chlorine entirely free from chlorine 
oxide, though carrying, of course, some free oxygen. 
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hydrochloric acid of half strength contained in this test tube 
used as a receiver, and the distillation was carried on until 
the liquid in the flask had almost entirely passed to the 
receiver. The residue was treated with 10 cm' of the strongest 
hydrochloric acid, and the distillation was repeated with the 
modification that this time the condensation was effected by 
passing the volatile material into 10 cm' of water, so that 
the liquid in the receiver at the end of this operation should 
have the acidity of hydrochloric acid of half strength. This 
process of treating the residue with the strongest hydrochloric 
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acid and distilling was continued until arsenic ceased to be 
discoverable in this distillate. At the beginning of the 

* Subsequently identified as antimonj sulphide hj depositing the metal on 
platinum. 
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A single distillation, requiring but three or four minutes, 
proved to be sufficient for the complete volatilization of 0.0010 
gnn. of arsenic, two distillations were enough to remove 0.01 
grm. and three 0.1 grm. of arsenic. In handling larger amounts 
of arsenic, 0.4 grm. or 1 grm., it became evident that the presum- 
ably pure arseniate actually contained a trace of antimony, and 
the efficiency of the bromide treatment in effecting the detection 
of a little antimony in presence of a large amount of arsenic 
is clearly shown. It is plain that while the presence of large 
amounts of antimony and tin tend to diminish the rapidity of 
volatilization of the arsenic, the detection of 0.0001 grm. of 
arsenic is always sure, and that antimony and tin if originally 
present in appreciable amount will always be discoverable in 
the residue. 

In a comparison of the results of these experiments with 
those recorded in the former paper describing the reduction 
by means of potassium iodide, it appears that in general fewer 
distillations are needed to effect the transfer of the arsenic to 
the distillate when the bromide is employed — a condition of 
affairs which is doubtless due to the fact that in the former 
treatment an insoluble and somewhat refractory precipitate of 
arsenious iodide is formed when large amounts of arsenic are 
present, while the bromide causes no precipitation of the 
arsenic, and interferes in no way with the distillation of the 
reduced product. 
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~-t tiie potassium permanganate could first be compared w 
■^lution containing a known weight of iron which is fina 
•ught into the same condition as Uie ferric chloride solutii 
then this same poiassium permanganate directly titra 
1 t^e ferric chloride itoelf, the necessary accuracy could 
■,-%ained. ■wi.tliont the gravimetric work on the ferric chlor 
><3ommended.i- Since electrolytic iron is undoubtedly i 
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■ From Am. Jonr. Sd. sItUI, 2Q0. 
t Blair: The QiemifMl AnslTilt of Iran. 
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For the production of a definite amount of electrolytic iron 
two different courses are open to us. Either a weighed amount 
of a pure iron salt, as ammonio-ferrous sulphate, may be taken 
and the iron completely precipitated by electrolysis; or an 
indefinite quantity of the salt may be taken and subjected to 
electrolysis for a time, and the amount of iron determined by 
weighing the electrolytic deposit. After some preliminary 
trials, this second metiiod ha« recommended itself to me as 
being much more rapid tiian tiie first-mentioned method and 
also free from some manipulatory details which render the 
first difficult to be done with exceeding accuracy. 

Some experiments were therefore undertaken to compare 
the amount of iron determined by direct weighing of the elec- 
trolytic deposit with the amount determined by titration of 
the solution of this same iron with potassium permanganate. 
The details of the experiments were as follows. The solution 
of potassium permanganate was first accurately standardized 
with anmionium oxalate which had been shown to give 
identical results with those obtained by the use of lead 
oxalate. About 10 grams of anmionio-ferrous sulphate were 
dissolved in about 150 cubic centimeters of water, 5 cubic 
centimeters of a saturated solution of potassium oxalate were 
added, and then the whole was heated with a considerable 
quantity of solid anmionium oxalate until a clear solution 
was obtained. This solution was decomposed in a beaker 
between two platinum electrodes, the iron being deposited 
on a piece of platinum foil of a size convenient to be inserted 
in a rather large weighing bottle, in which it was weighed 
both before and after the electrolysis. From 1\ to \^ hours, 
with a current of 2 ampdres, was in general found to be 
sufficient to precipitate from 0.4 to 0.6 grams of pure iron, 
and it was found unadvisable to use a current much stronger 
than 2 ampdres, since a higher current showed a tendency 
to render the deposit less smooth and compact. After wash- 
ing, drying, and weighing in the usual way, the iron was 
dissolved in hydrochloric acid, the weighing bottle being 
used instead of the small flask ordinarily employed in this 
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THE DETECTION AlO) APPBOXIMATIV^^^jjKI^ I. 

TION OF MINUTE QUANTITIES OF ^ ] 

IN COPPER. 

By F. a. GOOCH ahd H. P. MOSBI^^* -ftftaTBt 

Sanger's recent successful application of tne ^^^oxo ^^ Vi^ 
process to the quantitative determination ox ^T^jir^^^^ £ ^e 
papers and fabrics,t by the comparison oi ^^ *vdV^^^ -o^ ^^ 
standard mirrors carefully prepared under tJ^^ ^ e€J*^^^**^^\v tP^/ 
test, opens the way, naturally, to the sixP^^^^ -si«A^ ^^^^j^iid^s^ 
minute amounts of arsenic in any subs^^^- ^^^^ . 

be submitted to the process inuaediateW ^Vi^to.^^^ 

preparation. ^^tr^^^t ^V>»^ \jai 

The need of a rapid and at the same tame X^^^^cyS^ ^ko^ ^^ 

for the determination of traces of araemc ii> ^^^ *Ke 

to a study of the application of Sang^x^B prc^^^^ ;m.% '^ /d 
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chloride from solution in sta^^^^^ ^'^^^ ^^A^y^A^ o^^^ 
such methods we give the px^^ ^"^^ ^y^LrocV^^ O / 
in execution, accessibility of j^^^^^^o^ oix ^^ ^ fo^' 

• From Am. Jonp. Sd., xlTiU, 2©^ *^^^ ^*^^^«ttexi0^ /* 



^^ 




ESTIMATION OF ARSENIC IN dOPPER. 278 

of apparatus, to a process recently developed in this laboratory * 
and based upon the simultaneous action of strong hydrochloric 
acid and potassium bromide upon the salt of arsenic. 

To get the copper into condition for the application of 
the process of separation from arsenic we find it sufficient to 
dissolve an amount not exceeding one gram in nitric acid 
somewhat diluted with water, to add to the solution two or 
three cubic centimeters of strong sulphuric acid, and to 
evaporate the liquid until fumes of the sulphuric acid are 
disengaged abundantly. A single treatment of this sort serves 
to remove the nitric acid so completely that no interference 
with the normal action of the Marsh apparatus is apparent in 
the subsequent operation. The residue after concentration is 
diluted with water to about 5 cm' and washed into the distilla- 
tion flask with an amount of the strongest hydrochloric acid 
(sp. gr., 1.20) equal to that of the remainder of the liquid. It 
is desirable that the entire volume of the liquid should not 
much exceed 10 cm'. The flask which has a capacity of forty 
or fifty cubic centimeters, is inclined at an angle of about 45° 
and joined by means of a pure rubber stopper to a bent pipette 
which serves as a distillation tube. The lower end of the 
vertical limb of the pipette dips beneath the surface of about 
5 cm' of hydrochloric acid of half strength contained in a test- 
tube which is cooled and supported by water nearly filling 
an Erlenmeyer flask. A single gram of potassium bromide is 
introduced, and the distillation (which may be completed in 
three or four minutes) is pushed nearly to dryness. The flask 
is washed out, another portion of potassium bromide is intro- 
duced, and the first distillate is introduced and redistilled 
as before excepting that the condensation is this time effected 
in pure water. This second operation serves merely to hold 
back traces of copper carried over in the first distillation, but 
experiment has shown that the addition of the potassium 
bromide in the second distillation is quite as necessary as in 
the first, since the bromine liberated in the process has the 
effect of reoxidizing the arsenic in the receiver and so making 

• Ooocb and Phelps, Am. Jour, Sci., zlTiii, 216. This Tolume, p. 206. 
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that element non-volatile under the conditions until the I 

reducing agent is again introduced. The free bromine in the i 

final distillate must be re-converted to hydrobromic acid 
before the contents of the receiver may be introduced into 
the reduction-flask, and we find that this effect may be 
most easily and unobjectionably accomplished by the addition 
of a little stannous chloride dissolved in hydrochloric acid of 
half-strength and purified from arsenic by prolonged boiling. 
Incidentally and simultaneously the arsenic is reduced to the 
arsenious form, and, though Sanger has shown that minute 
amounts of arsenic are completely eliminated from the solution 
in the reduction flask when that element is introduced in the 
higher form of oxidation, it ia our experience that the rapidity 
of elimination of the arsenic is so increased by the introduc- 
tion of the small amount oi stannous chloride needed to bleach 
the bromine that the mirror appears in from five to ten minutes 
and is practically complete in half an hour, especially if the 
precaution is taken to add a little more stannous chloride, 
according to Schmidt's suggestion* after the operation has 
been in progress about twenty minutes. 

It will be remembered that Schmidt has shown that the 
addition of stannous chloride to the Marsh apparatus in action 
not only does not effect the retention of arsenic, as many other 
metallic salts do, but actually brings about the final evolution 
in the form of the hydride of that portion of the arsenic which 
may have been deposited during the process in elementary form 
upon the zinc. 

We have used the Sanger apparatus in form essentially 
imchanged; but we find it advantageous to fill the reserve 
generator with zinc coated with copper by the action of a 
solution of copper sulphate, instead of with pure zinc, since in 
this way the zinc is made more sensitive to the action of the 
dilute sulphuric acid, while the presence of copper (which is 
of course out of the question in the reduction-flask) can be of 
no disadvantage in the reserve generator and might even serve 
a useful end in fixing traces of arsenic if the zinc and acid 

*Zeit8cbr. anorg. Chem., i, 353. 
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This copper was dissolved in nitric acid, arsenic in the hi^er 
condition of oxidation vas added, and tiie piocees of the 
separation of the arsenic from tiie copper and converson to 
the mirror carried out in the manner described. The results 
obtwjied are recorded in the preceding talde. 

It is plus from these results that the method is capable of 
detecting sharply minute amounts of arsenic in co{^r and of 
effecting the estimation of quantities less than 0.05 mg. with 
some approximation to accuracy. There is, as Sanger has 
pointed out, a good deal of variation even in standard miirois 
made with all posable caro and precaution, and in the estima- 
tion of mirrors contaiuing as much as 0.05 mg. of arsenic the 
uncertainty of comparison as well as the actual variation of 
the mirror is considerable. 

When a sample of copper is under test which may contain 
more than 0.05 mg. of arsenic it is desirable to introduce into 
the reduction-flask the measured solution containing the 
arsenic gradually and in definite portions, and to judge by the 
formation of the mirror in an interval of ten minutes after the 
introduction of portions of this test solution whether it is 
wiser to add the entire solution or to estimate the arsenic in 
the entire solution from that found in an aliquot portion. 

We append the results of the analysis of several samples of 
commercial copper, all of which were electrolytic, and of which 
the last two represented, presumably, the very purest electro- 
lytically refined copper obtainable commetcially. 
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AN lODOMETRIC METHOD FOR THE ESTI- 
MATION OF TELLURIC ACID. 

By F. a. GOOCH ahd J. HOWLAND.* 

In his valuable and extended study of possible yolumetric 
methods for the estimation of tellurium, Braunerf has investi- 
gated the action of iodme upon an alkaline teUurite and 
finds that the oxidation is slow and incomplete at ordinary 
temperatures, while at 100^ C. and in presence of a sufficient 
excess of iodine complete oxidation takes place, though the 
difficulty of estimating the excess of iodine not directly utilized 
in the reaction is so great as to render the method practically 
inapplicable to the detennination of tellurium. The difficulty 
in effecting oxidation m alkaline solution naturally suggeste 
the reversal of the reaction in an attempt to reduce telluric 
acid by the action of hydriodic acid in acid solution. Upon 
putting the matter to the test we find the reduction of 
telluric acid does take place, but we have been unable to 
prevent ite going too &r. Thus, on boiling a solution 
containing 10 cm' of sulphuric acid of half-strength, S grm. 
of potassium iodide in 90 cm' of water and a little more 
than 0.1 grm. of telluric acid, the liquid darkened, deposited 
dark gray ciystalline scales, and evolved iodine which, when 
collected and titrated with sodium thiosulphate, proved to be 
twenty per cent in excess of the theoretical yield, assuming 
that the reduction should result in the production of teUurous 
acid. A similar experiment made in like manner excepting 
that the liquid was heated for fifteen minutes in a closed bottle 
on the water-bath instead of being subjected te boiling, with 

* From Am. Jour. Sci, zlTiii, 876. 
t Jour. Cbem. Soc., liz, 68, 288. 
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the idea that the presence of the free iodine might tend to 
prevent excessive reduction of the tellurium, indicated a yield 
of free iodine about six per cent in excess of what it should 
be if teUurous acid is the sole product of reduction. In this 
case the titration of the free iodine was made by sodium 
thiosulphate in the presence of the reduced tellurous acid, but 
we found by independent experiment that the determination 
of free iodine associated with tellurous acid may be accomplished 
with a fair degree of accuracy provided the solution be cold 
and dilute, and the final reaction secured by adding the 
thiosulphate in slight excess and restoring the color permanently 
by standard iodine. Even under the most favorable conditions 
the tellurous acid is somewhat acted upon by sodium thiosul- 
phate even before the free iodine is entirely bleached and the 
reaction in the reverse titration by standard iodine is slow in 
coming, though finally definite; but if the solution is hot the 
thiosulphate precipitates tellurium in flocky condition. 

The excessive action of the iodide suggested the substitution 
of potassium bromide — an agent which proved of value in 
reducing arsenic acid as described in a recent paper from this 
laboratory — and, tiie preliminary experimentation proving to 
be encouraging, we set about the preparation of telluric acid 
of definitely known strength. We weighed out accurately 
tellurous oxide, prepared by oxidizing presumably pure 
crystallized tellurium with nitric acid and igniting the 
product at a low red heat, dissolved the weighed oxide in a 
few cubic centimeters of a strong solution of potassium 
hydroxide, precipitated the teUurous acid by the careful 
addition of dilute sulphuric acid, and dissolved the precipitate 
in 10 cm' of sulphuric acid of half-strength. The solution 
thus obtained was treated with potassium permanganate in 
excess, the manganic oxide and the excess of permanganate 
were bleached by oxalic acid added to the hot solution, and 
the excess of oxalic acid was destroyed by the addition of a 
dilute solution of the permanganate until the faintest possible 
blush of color appeared. For the experiments involving the 
treatment of the larger amounts of tellurium every preparation 
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was made individually in the manner described; for the 
experiments with smaller amounts a single preparation was 
made and the solution thus obtained was diluted to a half 
litre and portions of this standard solution were drawn from 
a b\irette as occasion required. 

The equivalent of the so-caUed element tellurium is, as 
Branner has shown,* so variable with the mode of determin- 
ing that constant and the preparation of material that we 
employed a preparation of tellurous oxide which had been 
tested as to its equivalent weight by Brauner's excellent 
method of oxidation by potassium permanganate. The 
results of these tests are recorded in the accompanying 
table. In series I the alkaline solution of the oxide was 
diluted to 100 cm^ and oxidation was effected in it by standard 
permanganate added in excess. Sulphuric acid of half-strength 
was added to neutralization and then 5 cm' more, the liquid 
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was heated, a solution of oxalic acid of known value was 
introduced to an amount slightly in excess of that needed to 
destroy the manganic oxide and excess of permanganate, and 
the surplus of oxalic acid was removed by standard perman- 

• Jour. Chem. Soo, 1889, 882. 
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ganate. In series II the alkaline solution of the oxide' was 
neutralized with dilute sulphuric acid and 1 cm' of sulphuric 
acid of half-strength was added. The oxidation was accom- 
plished from this point exactly as in series I, the only 
difference being that it took place in the presence of a slight 
excess of sulphuric acid instead of in alkaline solution. The 
permanganate used in both series was standardized ultimately 
against lead oxalate. 

The mean value of these determinations assigns to the 
tellurous oxide which we employed a molecular weight of 
about 159 and to the element tellurium an atomic weight of 
127, when oxygen is 16. Brauner advocates the application 
of a correction made necessary by the excessive decomposition 
of the permanganate in the oxidation; but inasmuch as the 
oxidation in series I took place in alkaline solution under 
conditions in which we have no absolute proof that unused 
oxygen is liberated to any considerable degree from the 
permanganate, while in series 11 the excess of sulphuric acid 
was purposely restricted to the lowest limit — the sulphuric 
acid having been shown in a previous paper from this 
laboratory* to be the chief agent in inducing the excessive 
decomposition of the permanganate — we incline, provisionally 
at least, to accept in this case the result of the analysis with- 
out correction. 

In the test experiments the telluric acid, prepared in 
the manner described, was introduced into the apparatus for 
distillation with 8 grms. of potassium bromide, care being 
taken to insure in the 50 cm' or more of liquid the presence 
of 10 cm* of sulphuric acid of half strength. A current of 
carbon dioxide was passed through the apparatus, the solution 
was boiled to set free the bromine which was absorbed in 
potassium iodide and estimated by standard sodium thiosnl- 
phate. In handling the larger amounts of tellurium we found 
it desirable to make the preparation of the telluric acid in the 
distilling flask and to boil out the oxygen and ozone set free 
in the preparation before proceeding with the operation. The 

* Goocb and Danner, Am. Jour. Sci., xUt, 801. ThiB Tolmne, p. 145. 



ESTIMATION OF TELLURIC ACID. 



281 



apparatus which we nsed consisted of a Voit's gas-washing 
flaak, with aealed-in inlet tube and ground-in outlet tube, used 
as the distillation flask, to which was joined by a sealed joint 
the inlet tube of a Drexel washing bottle to the outlet tube of 
which was sealed a Will and Varrentrapp absorption apparatus. 
The WB«hing bottle and attached bulba contained a solution 
of 3 grams of potassium iodide and the former was kept cool 
by standing it during the distillation in a vessel of cold water. 
The absorption of ^e bromine took place almost entirely in 
the bottle, only traces of iodine being set free in the bulbs. 
The results of our experiments are recorded in the accompany- 
ing statement; Te=: 127, = 16. 
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The results of experiment agree fairly well with one another 
and with theoiy based upon the assumption that the atomic 
weight of the tellurium which we employed was 127. It is 
evident that the reducii^ action of the hydrohromic acid 
developed in the distillation is regular and that that agent is 
well adapted to the reduction of telluric acid to tellurous acid. 
The formation of tellurium tetrabromide in the concentrated 
acid liquid makes it impossible to t«ll by the color when aU 
the bromine has been distilled, but the evidence of the experi- 
ments goes to show that the boiling of the liquid from a 
volume of 60 cm' to 25 cm' is sufficient, while concentration 
from 100 cm' to 20 om' apparently does no harm. 



THE PREPARATION OF PERCHLORIC ACID AND 
ITS APPLICATION TO THE DETERMINATION 

OF POTASSIUM. 

Bt D. ALBERT KBEIDER.* 

Various methods for the preparation of perchloric acid have 
been developed through the long felt v^ant of a process in 
which the elements of time and danger wouU be reduced to a 
minimum and the product increased to quantities commen- 
surate with the growing use of the acid in analytical chemistry. 
Most of these methods have been found impracticable because 
of the incidental formation of the dangerously explosive oxides 
of chlorine, or the time required in refinmg the product from 
tiie impurities introduced witii tiie reagente employed. 

Doubtiess the best process thus far offered is that of 
Casparijf which, however, is to an objectionable d^ree 
exacting of time and labor. The product has to be treated 
and re-treated for the removal of potassium and then for the 
extraction of the hydro-fluo-silicic-acid and at several stages is 
for this purpose to be left stsmding for from twenty-four to 
forty-eight hours. Under the most fcivorable circumstances it 
could not be prepared in less than five or six days, and 
during a great many hours of that time it requires close 
attention. 

The great difficulty has always been with the necessity of a 
perfect separation of potassium from the perchloric acidL» 
which has been prepared by the ignition of the potassium 
chlorate. If, for the manufacture of the perchlorate, the 
chlorate of sodium — which, if not upon the shelves of every 

* From Am. Jour. Sd. zliz, 448. 
t Zeit8chr. angew. Chem., 1898, 6a 
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laboratory, is nevertheless in the market, ahnost, if not 
entirely free of potassium — be used instead of the potassium 
salt, the complete removal of the base will be imessential; 
since its presence in the determination of potassium will 
exert no influence other than that which is beneficial. It is 
Tvell known that because of its deliquescence and the almost 
eqnal solubility of sodium perchlorate with that of the 
chloride, its separation from the latter by recrystallization 
from an aqueous solution, as in the case of potassium, is 
impossible. But the insolubility of the chloride of sodium 
in strong hydrochloric acid, with the aid of the acid-proof 
Gooch crucible, affords a means for the liberation of the 
perchloric acid and the removal of the greater part of the 
sodium in one operation. Upon this basis, therefore, the fol- 
lowing sunple method was elaborated. 

A convenient quantity of sodium chlorate, from 100 to 800 
grms., is melted in a glass retort or round-bottomed flask and 
gradually raised to a temperature at which oxygen is freely, 
but not too rapidly evolved, and kept at this temperature 
till the fused mass thickens throughout, which indicates the 
complete conversion of the chlorate to the chloride and 
perchlorate, and requires between one and one-half to two 
hours : or the retort may be connected with a gasometer and 
the end of the reaction determined by the volume of oxygen 
expelled, according to the equation 

2NaC10, = NaCl + Naa04 + 0,. 

The product thus obtained is washed from the retort to a 
capacious evaporating dish where it is treated with sufficient 
hydrochloric acid to effect the complete reduction of the 
residual chlorate, which, if the ignition has been carefully 
conducted with well distributed heat, will be present in but 
small amount. It is then evaporated to dryness on the steam 
bath, or more quickly over a direct flame, and with but little 
i^^ attention until a point near to dryness has been reached, when 

stirring will be found of great advantage in facilitating the 
volatilization of the remaining liquid and in breaking up the 
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mass of salt. Otherwise the perchloiate seems to solidify 
with a certain amount of water, and removal from the dish, 
without moistening and reheating, is impossible. 

After triturating the residue, easily accomplished in a 
porcelain mortar, an excess of the strongest hydrochloric acid 
is added to the dry salt, preferably in a tall beaker where 
there is less surface for the escape of hydrochloric acid and 
from which the acid can be decaated without disturbing the 
precipitated chloride. If the salt has been reduced to a very 
fine powder, by stirring energeticaUy for a minute, tiie 
hydrochloric acid will set free the perchloric acid and pre- 
cipitate the sodium as chloride, which in a few minutes 
settles, leaving a clear solution of the perchloric acid with the 
excess of hydrochloric acid. The clear supernatant Uquid is 
then decanted upon a Gooch filter, through which it may be 
rapidly drawn with the aid of suction, the residue re-treated 
with the strongest hydrochloric acid and settled, the acid 
decanted, and the salt finally brought upon the filter where 
it is washed with a little strong hydrochlorio acid. A large 
platinum cone wiU be found more convenient than the era- 
cible, because of its greater capacity and filtering sur&ce. 
When the filter will not hold all the sodium chloride, the 
latter after being washed may be removed by water or by 
mechanical means, with precautions not to disturb the felt, 
which is then ready for the remainder. Of course, if water 
is used, the felt had better be washed with a little strong 
hydrochloric acid before receiving another portion of the salt. 
This residue will be found to contain only an inconsiderable 
amount of perehlorate, when tested by first heating to expel 
tiie free acid and then treating tiiediy and powdered residue 
with 97 per cent alcohol, which dissolves the perehlorate of 
sodium but has little soluble effect on the chloride. 

The filtrate, containing the perchloric acid with the excess 
of hydrochloric acid and the small per cent of sodium chloride 
which is soluble in the latter, is then evaporated over the 
steam bath till all hydrochloric acid is expelled and the heavy 
white fumes of perchloric acid appear, when it is ready for 
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use in potassium detenninationB. Evidently the acid Trill 

not be ohemically pure, because the sodium chloiide is not 

absolutely insoluble in hydrochloric acid ; but a portion tested 

with silver nitrate Tirill prove that the sodium, together with 

any other bases which may have gone through the filter, has 

been completely converted into peichloiate, and unless the 

original chlorate contained some potassium or on evaporation 

the acid was exposed to the fumes of ammonia, the residue 

of tbe evaporation of a portion is easily and completely 

soluble in 97 per cent alcohol and its presence is theiefoie 

unobjectionable. One cutnc centimeter of the acid tlius 

obtained gave on evaporation a residue of only 0.036 gim., 

which was completely soluble in 97 per cent alcohoL 

Caspari's acid under einular treatment gave a residue in 
one case of 0.024 gnus, and in another 0.047 gnns. If, how- 
ever, a portion of pure acid be required, it may be obtained 
1^ distilling this product under diminished pressure and, as 
Caspari has shown, without great loss, providing the heat is 
regulated according to the fames in the HiBrilling flask. 

Some modification of the above treatment will be found 
necessary in case the sodium chlorate contains imy potassium 
as an impurity, or if the latter has been introduced from the 
vessel in which the fusion was made. Under these circum- 
stancea the hydrochloric acid would not suffice for the 
removal of potaadum, since a trace might also go over with 
the sodium and thus on evapomtion a residue insoluble in 
97 per cent alcohol be obtained. To avoid this difficulty, 
tlie mixture of sodium perchloiate and chloride, after being 
treated with hydrochloric acid for the reduction of the 
residual chlorate, being reduced to a fine powder, was well 
digested with 97 per cent alcohol, which dissolves the sodium 
peichlorate but leaves the chloride as well as any potassium 
salt insoluble. By giving the alcohol time to become satu- 
rated, which was facilitated by stirring, it was found on 
filtering and evaporating that an average of about 0.2 gnu. 
of sodium perchlorate was obtained for every cubic centimeter 
of alcohol and that the product thus obtained was compara- 
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tively free of chlorides, until the perchlorate was nearly all 
removed, when more of the chloride seems to dissolve. This 
treatment with alcohol is continued until, on evaporation of 
a small portion of the latest filtrate, only a small residue is 
found. The alcoholic solution of the perchlorate is then 
distilled from a large flask until the perchlorate begins to 
crystallize, when the heat is removed and the contents of the 
flask quickly emptied into an evaporating dish, the same 
liquid being used to wash out the remaining portions of 
the salt. When the distillation is terminated at the point 
indicated, the distillate will contain most of the alcohol 
employed, but in a somewhat stronger solution, so that it 
requires only diluting to 97 per cent to fit it for use in 
future preparations. The salt is then evaporated to dryness 
on the steam bath and subsequently treated with strong hydro- 
chloric acid for the separation of the perchloric acid. 

One cubic centimeter of the acid prepared in this way, on 
evaporation gave a residue in one case of 0.0869 gnns., and in 
another 0.0307 grm., completely soluble in 97 per cent alcohol, 
which was then ignited and the chlorine determined by sQver 
from which the equivalent of perchloric acid in the form of 
salts was calculated as 0.0305 grm. By neutralizing the acid 
with sodium carbonate, evaporating, igniting in an atmosphere 
of carbon dioxide till decomposition was complete, collecting 
the oxygen over caustic potash, allowing it to act on hydriodic 
acid by intervention of nitric oxide, according to a process 
soon to be published, titrating the iodine liberated, with stand- 
ard arsenic and calculating the equivalent of perchloric acid, 
after subtracting the amount of acid found in the form of 
salts, the amount of free acid per cubic centimeter proved to 
be 0.9881 grms. 

The whole process, even when the separation with alcohol 
is necessary, cannot well require more than two days and 
during the greater part of that time the work proceeds 
without attention. 

In applying perchloric acid, thus prepared, to the deter- 
mination of potassium according to the treatment suggested 
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by Caspari * very satisfactory results were obtained. Briefly, 
the method is as follows : The substance, free from sulphuric 
add, is evaporated to the expulsion of free hydrochloric acid, 
the residue stirred with 20 cm^ of hot water and then 
treated ^with perchloric acid in quantity not less than one 
and one-half times that required by the bases present, when 
it is evaporated with frequent stirring to a thick, syrup-like 
consistency, again dissolved in hot water and evaporated 
with continued stirring till all hydrochloric acid has been 
expelled and the fumes of perchloric acid appear. Further 
loss of perchloric acid is to be compensated for by addition 
of more. The cold mass is then well stirred with about 20 cm* 
of wash alcohol — 97 per cent alcohol containing 0.2 per cent 
by weight of pure perchloric acid — with precautions against 
reducing the potassium perchlorate crystals to too fine a 
powder. After settling, the alcohol is decanted on the 
asbestos filter and the residue similarly treated with about 
the same amount of wash alcohol, settling and again decant- 
ing. The residual salt is then deprived of alcohol by gentiy 
heating, dissolved in 10 cm* of hot water and a little perchloric 
acid, when it is evaporatad once more with stirring, imtil 
fumes of perchloric acid rise. It is tiien washed witii 1 cm» 
of wash alcohol, transferred to the asbestos, preferably by a 
policeman to avoid excessive use of alcohol, and covered 
finally with pure alcohol: the whole wash process requiring 
about 50 to 70 cm* of alcohoL It is then dried at about 
180^ C. and weighed. 

The substitution of a Gooch crucible for the truncated 

pipette employed by Caspari will be found advantageous ; and 

asbestos capable of forming a close, compact felt should be 

\ selected, inasmuch as the perchlorate is in part unavoidably 

reduced, during the necessary stirring, to so fine a condition 

. ■\ that it tends to run through the filter when under pressure. 

.^ A special felt of an excellent quality of asbestos was prepared 

j for the determinations given below and seemed to hold the 

^,1 finer particles of the perchlorate very satis&ctorily. 

^ ♦ Loc. cit 
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In the last three experiments of the above table the amount 
of perchloric acid was about three times that required to unite 
with the bases present and the phosphoric acid subsequently 
found with the potassium was hardly enough to appreciably 
affect the weight, although its absolute removal was found 
to be impossible. 
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We liave tried many experiments with a view to simplifying 
the analyBis of the mixed silver salts. Ignition with mercuric 
cyanide according to Schmidt's method for sulphides ; * treat- 
ment -with cuprous chloride dissolved either in ammonia or in 
hydrochloric acid; the action of ferrous oxalate dissolved in 
potassium oxalate, Eder's f reagent; treatment with chromous 
chloride or chromous acetate; contact with powdered mag- 
nesium under dilute acid; and many other plans of action 
with po^werful reducers have failed to yield analytical results 
comparable with those of the known methods. Hydrogen 
sulphide, dry or moist, and ammonium sulphide attack the 
halogen salts of silver with varying intensity, the chloride very 
easily, the bromide with less ease, and the iodide most difficultly 
— as might be predicted from a knowledge of the thermal 
values involved in the reactions. A current of hydrogen 
sulphide charged with ammonium sulphide effects the complete 
conversion of silver chloride to silver sulphide at a temperature 
below 200® C. ; but we have never succeeded in securing 
absolutely complete conversion of the bromide to the sulphide 
by similar treatment even at much higher temperatures, and 
the iodide resists conversion more obstinately than the bromide. 
Nor have we been able to find conditions under which the 
chloride may be converted while the bromide and iodide 
remain unattacked. In a study of the conditions best adapted 
to the reduction of silver salts electrolytically we have obtained 
results which point to advantageous modifications of the 
methods heretofore known. We find that the treatment of 
the fused salts may be simplified, made more accurate, and 
* ^ extended to mixtures containing silver iodide. 

In Einnicutt's process the difficulties lie, first, in the 
impossibility of destroying the paper, upon which the silver 
salts have been collected and washed, without effecting some 
reduction of the salts ; secondly, in the obstinacy with which 
the spongy silver holds the sulphuric acid during washing; 
and thirdly, in the tendency of the chlorine liberated when a 
chloride is present to attack the electrodes. 

• Ber. Dtsch. chem. Gee., zxrii, 225. t Ibid., ziii, 600. 
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Upon the first point nothing need be said ; the difficnliy is 
obvious and well known. As to the second source of error, 
our experience shows that rapid washing is not sufficient to 
remove the sulphuric acid included in the reduced silver, even 
when excessive amounts of wash-water are used ; but that a 
considerable time is indispensable for the escape of the acid 
from the silver to the wash-water by diffusion. In several 
cases we have found errors, ranging from a single milligram to 
six or seven, due to inclusion of the acid in residues which had 
been washed freely but rapidly, and which, even after ignition, 
yielded slowly hot water extracts which gave the test for a 
sulphate by barium chloride. 

The results of some experiments made to test the effect of 
the halogens set free in electrolysis are shown in the accom- 
panying table: 



Xleotrolrte, 

15 cm> of u^0«, 

(16 p«r cent) with 

the mbttamoe 


Strength of 
ouiient in 
amp^rea. 


Time 

hi 
hoon. 


Change In 
weight of the 


Chengeln 

wd^tof 

wiieeleo- 

trode. 


Conneotfon 

of 
onidble. 


1.7 grm. K 1 
1 " KBr 
1 « KCl 
0.6 " HCl 
0.6 «* HCl 


0.46-0.26 
0.60-0.18 
0.48-0.18 

. • • • 
0.8 


24 
36 
26 

. • 
48 


grm. 
0.0000 
0.0000 
0.0008- 
0.0009^ 
0.0004- 


gnn. 
0.0000 
0.0000 
0.0001- 
0.0000 
0.0004+ 


Cathode. 
Cathode. 
Cathode. 
Cathode. 
Anode. 



So it appears that, while neither bromine or iodine attacked the 
platinum perceptibly imder the conditions of the experiments, 
though set free in abundance, an appreciable amount of the 
metal did dissolve imder the action of chlorine. Moreover 
the solubility seems to depend chiefly upon the area of 
sur&ce exposed and not upon the electric polarity. The 
metal dissolved was reprecipitated by the action of the current 
only in the experiment in which, by reversing the direction of 
the current and thus making the area of the anode large while 
that of the cathode was diminished, a corresponding increase 
of current density upon the cathode was brought about. It is 

* Platinum tested for and found in tolutlon. 



V 



IN MIXED SILVER SALTS. 293 

obvious that under oidinaiy conditions of electrolytic reduction 
the solvent effect of the chlorine upon the platinum will 
natoxally produce an apparent deficiency in the weight of 
silver reduced. 

These sources of error in the electrolytic reduction of the 
fused silver salts we have endeavored to overcome. The 
danger of change in the constitution of the salts during 
preparation for weighing we avoid by collecting them upon 
asbestos in a perforated crucible instead of upon paper; but in 
order to secure perfect electrical conductivity throughout the 
mass of silver salts subsequently collected, dried, and weighed, 
we place a disc of perforated platinum foil upon the prepared 
felt of asbestos. In this way perfect electrical contact is 
obtained, though the rapidity of filtration is somewhat 
impaired. The disc also serves the useful purpose of pre- 
venting the disturbance of the felt by the gas evolved from 
the walls of the crucible in the electrolytic process.* When 
the silver salts have been collected, washed, dried and weighed, 
their fusion is effected by placing the capped crucible upon an 
anvil and directing the flame of a small blowpipe with care 
upon the mass from above. The anvil keeps the crucible 
cool and tends to prevent the soaking of the asbestos with the 
fused silver salts, which would be disadvantageous in the 
washing process which follows the reduction. A rubber 
band cut from rubber tubing of suitable diameter is adjusted 
so as to cover the junction between the cap and crucible and 
make a water-tight electrolytic cell. When the electrolytic 
reduction is finished the band and cap are removed, the 
crucible is put upon the pump, the Uquid is drawn through 
'j and the precipitate washed in the usual manner. 

J j It is obvious that the difficulty of washing out the sulphuric 

acid from the reduced silver may be avoided if it is possible to 

,1 • This derice has heen suggested hj Packner (Jour. Am. Chem. Soc., 1893, 

710) for holding down the ashestos in an ordinary filtration, and is no douht 

^ \ of Talue when suitahle asbestos is not at hand. A fairly good asbestos prop- 

ll erly prepared, and deposited npon a perforated surface in which the holes are 

I sufficiently numerous — best, as numerous as can be — does not, however, tend 

I to rise daring a filtration so long as the suction pump is in action. 

i 
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^Finally the crucible, cap, and residue were ignited at a very 
Icrvr red heat and weighed. The entire treatment was repeated 
ixntil the constant weight of the residue showed that the 
xeduction was complete. 

The manipulation of the method is very easy, and the results 
show that it is capable of yielding accurate results. The 
current ranged from 0.5 to 0.25 ampdres, and for convenience 
tJie process was continued over night, though the reduction 
of amounts such as we treated is usually complete in six or 
seven hours. 

Unfortunately this process which works so well with the 
inixture of chloride and bromide is not applicable to the reduc- 
taon of silver iodide or to mixtures containing it. Experiment 
proved that the iodine set free in the electrolysis works over 
and over again upon the spongy silver constantly regenerating 
silver iodide to a greater or less degree. As the result of many 
attempts to destroy the liberated iodine without introducing 
anything objectionable into the solution we finally settled 
upon a mixture made by neutralizing two parts by volume 
of ordinary (40 per cent) acetic acid with ammonia, adding 
one part of ammonia, one part of alcohol, and one part of 
aldehyde (75 per cent). Such a solution we found to work 
very well on the whole, but as the reduction progresses it 
frequently happens that a deposit of white ammonium iodate 
forms upon the anode, which introduces too great resistance 
to the current. This deposit of iodate is, however, easily 
removed from the electrode by dipping it into hot water. 
Whenever the solution is so exhausted that free iodine be^ns 
to appear the liquid should be carefully decanted and replaced 
by fresh; and before the operation is ended the decanted 
solutions and the washings of the electrode should be filtered 
through the crucible, and th^ xes^^^® submitted again to the 
action of the current, to ma^cv --k ceTtsin that loosened particles 
of silver or silver salt pos^jv,^ pouied off or removed on the 
electrode shall not be lost f^ iw. The necessity of keeping 
ttie process under occasioj^?^^^^^^^ xendexs it undesirable 
to continue the action ov^^ ^^^ In some cases of prolonged 
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THE DETERMINATION OF SELENIOUS ACID BY 

POTASSIUM PERMANGANATE. 

Bt F. a. OOOCH and C. F. CLEMONS.* 

The fact that snlphorous and tellurous acids may be oxidized 
qnantitatiyely by a sufficient excess of potassium pennanganate 
suggests naturally the application of the same general method 
to the determination of selenious acid. It is the object of this 
paper to record the results of experiments in this direction. 

Braiinerf found that in the action of the permanganate 
upon tellurous acid, whether in a solution acidified with 
sulphuric acid or made alkaline by caustic soda, the reduction 
of the permanganate does not proceed to the lowest degree of 
oxidation, the tellurous acid being unable to reduce the higher 
hydroxides of manganese which separate. In employing the 
reaction quantitatively it is necessary, therefore, to add the 
permanganate in distinct excess and then to destroy the sur- 
plus by means of standard oxalic acid added to the solution 
acidified with sulphuric acid, subsequentiy determining the 
excess of oxalic acid in the warmed solution by addition of 
more permanganate. The difference between the amount of 
permanganate actually used and that required to oxidize the 
known amount of oxalic acid introduced should naturally be 
the measure of the teUuroug acid, acted upon. Brauner found, 
however, an error in the process^ ^Y ^^ nieans inconsiderable, 
due to the decomposition^ t t!b© pennanganate outside the 
main reaction. In a sub^^^ nt pa-P^^ ^^ ^^ laboratory X 
it was shown that if th^^^^ ^ution is taken to restrict the 

• From Am. Jour. Sci., 1, 5|^ ^ 

t Jour. Chem. Soc., Ux, 28ft * ^ 

t Qooch and Danner, Am]^ ^t 801. This Tolwne, p. 145. 
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the manganic hydroxide begins depends upon the dilution, 
acidity, and tempetature of tJie solution. In expeiiments (1) 
and (2), the permanganate waa added to the cold solution at 
the fiist, but the liquid was heated after the addition of oxalic 
acid and before the final titration with the permanganate. 
The remaining detenniuations of the series were made in 
solutions kept hot throughout. 

TABLE I 
{Se = 79.1, O = 16.] 



xn>- 


B.O,UkML 


.,^C 


wd. 


atO,tama. 


^. 




gnu. 


gm. 


gra. 


gm. 


gra- 




0.1000 


0.08020 


0.01671 


0.1010 


0.001(H- 




0.1003 


0.08088 


0.01678 


0.1014 


o.ooiif 




0.0087 


0.02634 


0.01182 


0.1008 


0.0011+ 




0.099B 


0.02688 


0.01122 


0.1004 


0.0006+ 




0.1000 


0.02686 


0.01077 


0.1012 


0.0012+ 




0.1000 


0.08226 


0.01766 


0.1016 


0.0016+ 




0.1001 


0.04466 


0.02903 


i.ioie 


0.0016+ 




0.2001 


0.05448 


0.02643 


0.2018 


0.0017+ 




0.1097 


0.06219 


0.02818 


0.3014 


0.001T+ 




0.1097 


0.06216 


0.02818 


0.3011 


0.0014+ 




0.6178 


0.13215 


0.06721 


0.5208 


0.0026+ 




0.gl97 


0.14106 


0.06541 


0.6263 


0.0066+ 



An examination of these results develops the &ct that 
the action proceeds r^^ularly in the main under the conditions 
of experimentation, but that there is an apparent waste of per^ 
manganate in the process. It was obHerred that the addition 
of a httle permanganate beyond the exact amount necessary to 
produce the end-reaction occasioned the precipitation of man- 
ganese hydroxide, evidently, according to Guyard's reaction, 
by interaction between the permanganate and the manganous 
sulphate present Plainly the amount of sulphuric acid 
present, which we tept purposely low to obviate the 
spontaneous decompoeitan-^ of ^® permanganate, was not 
sufficient to prevent the , , ■m»^ iormatJon of the hydroxide 
at the temperature of a-, 1b« n»tu^ inference is that 

the difficulty in the detT^^^****' aons may ^a^« ^*®" ^'^^ ™*^' 
to an interfei«nce wit^**»^***^^oT teaction at the end ot the 
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strong as the standard solution should be when accurate 
^work is expected) is capable of oxidizing about 0.25 grm. of 
selenium dioxide. 

The process which we recommend consists, in brief, in the 
addition of standard potassium permanganate to the solution 
of selenious acid containing not more than five per cent of its 
volume of strong sulphuric acid, the introduction of standard 
oxalic acid \mtil the liquid clears, and the titration of the ex- 
cess of oxalic acid by permanganate, at a temperature not 
much exceeding 50^ or 60° C. The permanganate and the 
oxalic acid should be standardized under similar conditions of 
acidity and temperature, and for a standard of final reference 
we prefer pure ciystallized ammonium oxalate. 

We have made experiments in which the initial oxidation of 
the selenious acid was made in alkaline solution, but inasmuch 
as the amoimt of permanganate required for the oxidation is 
about three times as great as that needed in the acid solution 
the treatment in alkaline solution is practically inferior. 
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THE PRECIPITATION AND GRAVIMETRIC 
DETERMINATION OF CARBON DIOXIDE. 

Bt F. a. GOOCH An> L K. PHELP&* 

The method upon which reliance is most confidently placed 
for the determination of carbon dioxide in solid carbonates, 
inyolving as it does the liberation of that gas by the action 
of a strong acid and its absorption in weighed potash-bulbs, 
demands as conditions of the attain- 
ment of good results the careful 
observance of precautions and the 
expenditure of much time and atten- 
tion. In the method described below 
we have sought to secure equal accu- 
racy with greater economy of tdxae 
and care. Our plan is to effect th.o 
rapid absorption of the carbon diox- 
ide, evolved by the action of acids 
upon carbonates, in barium hydrozido 
contained in a specially devised 
apparatus, to filter and wash tho 
precipitated barium carbonate under 
a protecting layer of xylene, to dis- 
solve in hydrochloric acid the washed 
*^«- !<*• carbonate upon the filter or adhering 

to the receiver, to convert the baiium 
chloride thus obtained into the form of the sulphate, and from 
the weight of the last to calculate the carbon dioxide originally 
liberated by acid from t^e carbonate. 

• From Am. Jour. ScL, 1, 101. 
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The apparatus which we use, and which is shown in the 
figure, consists of a flask for the evolution of the carbon 
dioxide, properly connected with a receiver in which the gas 
is retained until absorption is perfect. It is a form of a 
similar device employed by one of us* for the absorption 
of ammonia in hydrochloric acid and the complete retention 
of the ammonium salt thus formed, but so modified as to 
avoid the danger of diffusion of carbon dioxide through the 
rubber balloon — a source of error which we have found by 
experiment to be considerable when large amounts of the gas 
are handled. 

The evolution flask (F) has a capacity of about 50 cm^ 
and is fitted with a rubber stopper through which passes a 
tube (A) wide enough (about 0.7 cm. in interior diameter) 
to prevent the formation of bubbles, and expanded just above 
the stopper to a small bulb. The absorption cylinder consists 
of a wide glass tube (C), fitted at either end with a rubber 
stopper. The stopper at the lower end of the cylinder, placed 
vertically, carries a short tube, about 1.5 cm. in diameter, to 
which is secured a smaller rubber balloon. The cylinder and 
balloon together hold about 100 cm'. The upper stopper is 
perforated with two holes, through one of which passes the 
tube of a glass stop-cock, while through the other hole passes 
a long tube reaching to the interior of the balloon and pro- 
vided with a valve (V) — preferably a modified Bunsen valve, 
of the pattern recently devised by Ejreider and described on 
page 807. 

In using this apparatus a saturated solution of barium 
hydroxide (which is made hot, filtered into a siphon-bottle, 
and preserved from atmospheric action by a floating layer 
of kerosene) is introduced by pressure upon the air in the 
siphon-bottle or by suction applied to the stop-cock of the 
cylinder. Such a solution contains about five per cent of its 
weight of the hydroxide, and we find it best to use in every 
case an amount at least a fourth in excess of the quantity 
theoretically required to absorb the carbon dioxide, and to fill 

* Am. ChenL Jour., i, 4fiO. 
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the cylinder and balloon nearly full of liquid. The carbonate 
is weighed, introduced into the flask, and washed down with 
fifteen or twenty cubic centimeters of boiled water, which is 
protected in the wash-bottle from carbon dioxide in the breath 
by a balloon attached to the inlet tube. A small tube holding 
enough hydrochloric acid to effect the decomposition of the 
carbonate to be analyzed, is placed in upright position in 
the evolution flask. The stopper is inserted in the flask and 
connections are made as shown in the figure, the little tube 
containing the acid is overturned by inch'ning the flask, the 
acid mixes with the water and effervescence begins. Heat 
is applied and the liquid in the flask is boiled \mtil that in 
the cylinder is heated by the steam nearly to the boiling 
point, in order that the precipitated barium carbonate may 
become as granular as possible. The carbon dioxide evolved 
and the air in the flask are transferred in the process to the 
absorption cylinder, the valve serving to prevent the back- 
flow of the liquid while the baUoon expands to give room 
to the air and condensed steam. When the boiUng is done 
the flask and tube are disconnected at the rubber joint, the 
cylinder is shaken to insure the absorption of the carbon 
dioxide, and the liquid carrying the greater part of the 
precipitate is transferred through the stop-cock to a filter 
carefully fitted to its funnel, moistened with water and 
containing about 5 cm' of xylene, which we found to be 
preferable to benzene, kerosene, or amyl alcohol, the function 
of which is to rise to the surface when the aqueous solutaon 
is added so as to protect the barium hydroxide from the 
action of the carbon dioxide of the air. By manipulating 
the balloon and the stop-cock (to which a little funnel may 
be attached by a piece of rubber tubing for convenience in. 
introducing wash-water) the cylinder may be emptied and 
washed out with hot boiled water, though, of course, a veiy 
considerable portion of the precipitate remains adhering to 
the walls of the absorption apparatus. 

We prefer to prepare the filter for use with the suction 
pump, but in the early stages of filtration and washing very 
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little suction should be applied. When the barium hydroxide 
has been nearly washed out of the precipitate, the xylene is 
dissolved in a little hot alcohol, the suction is applied and 
the \¥ashing is completed with hot water. The emulsion of 
xylene and water found in the filtrate is readily cleared up 
by alcohoL Finally, the barium carbonate in the absorption 
apparatus and upon the filter is dissolved in hydrochloric 
acid and precipitated in hot solution by sulphuric acid, the 
resulting barium sulphate is filtered, washed and ignited 
upon asbestos in a perforated crucible, and from its weight 
the carbon dioxide which originally precipitated the bariimi, 
now in the form of the sulphate, is calculated. The results 
of a series of determinations made in this manner are 
recorded in the following table: 





[Ba = 137.48, 8 = 82.06, 


= 16. C = 12.] 




OttOO. 


Ba804 


OOtMtoAUy 


CO. 
oalculued. 


Xnorin 


tikaa. 


found. 


proM&t* 


COr 


gno. 


gnn. 


grm. 


gnn. 


gnn. 


0.0600 


0.1180 


0.0220 


0.0222 


0.0002+ 


0.0500 


0.1188 


0.0220 


0.0228 


0.0008+ 


0.1000 


0.2820 


0.0440 


0.0489 


0.0001- 


0.1000 


0.2847 


0.0440 


0.0442 


0.0002+ 


0.2000 


0.4660 


0.0880 


0.0878 


0.0002- 


0.2000 


0.4663 


0.0880 


0.0876 


0.0004- 


0.6000 


1.1660 


0.2200 


0.2196 


0.0004- 


0.6000 


1.1067 


0.2200 


0.2197 


0.0008- 


1.0000 


2.3328 


0.4400 


0.4896 


0.0004- 


1.0000 


2.8809 


0.4400 


0.4894 


0.0006- 



Various modifications of method and manipulation were put 
to the test of experiment, but the process which we have 
described has proved on the whole the most satisfactory. It 
is &irly rapid and accurate. 
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NOTES ON CONVENIENT FORMS OF 
LABORATORY APPARATUS. 

bt d. albert ebeideb.« 

Sot Filter. — A convenient and satis&ctoiy hot filter, so 
indispensable in many laboratory processes, may be easily 
improvised whenever steam is available, in the form which 
appears in Fig. 11. It is always ready; hot at a moment's 

notice, and without a flame to endanger 
the filtration of combustible substances. 
The encasement for the funnel is made by 
removing the bottom of an ordinary flask 
of suitable size in the well known way of 
starting the crack with a scratch of a file 
and then directing it by applying a piece 
of iron heated to redness. Flasks unfit 
for other purposes may be utilized in this 
way and they are more serviceable than 
large glass funnels, because of the tendency 
of the latter to crack if cold when the 
steam is turned on. The neck of the flask 
is closed by a stopper containing perfora- 
tions for the funnel, steam and waste 
tubes ; the latter of which, in the absence 
of a drain pipe, may lead to any convenient receptacle. By- 
prolonging the conducting tube of the steam somewhat above 
the level at which the condensed water is drawn off, higheir 
temperature will be attainable and spattering avoided. Escape 
of steam with the water is prevented by the turn in the waste 
pipe. When steam taps are not accessible, steam may be 
applied from a wash-bottle. 

* From Am. Jour. Sci, 1, 182. 
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Valve. — In forcing a Uqnid or gas indifferent to rubber 
from one vessel to another, the ordinary Bunsen valve is apt 
to collapse in such a way as to permit a back flow. I have 
found that a stout glass tube of desirable size, sealed at one 
end and drawn out with an opening in the restriction, as 
indicated in Fig. 12, and a piece of rubber tubing con- 
taining a smooth slit placed over it, makes a valve in 
which collapse is impossible, and the power of which 
increases with the pressure to be overcome. That a 
valve similar in appearance to the one here described 
has been used, is not unknown to me : but the similar- 
ity is confined to the appearance, as will be evident 
from the following description : The restriction should 
not be greater than is necessary to leave a small space between 
the tube and the rubber when the latter is loosely drawn over it : 
but, in order to work easily, should be long enough to permit a 
slit of about a centimeter's length to close tightiy, which will 
require it to be about twice the length of the slit. A slit one 
centimeter long will be found to open under very slight 
pressure, and to accomplish its purpose it is only required to 
close sufficientiy for the external pressure to force the rubber 
against the opening in the tube. This opening should be 
carefully rounded and a littie higher rather than any lower 
than the surreimding glass, and is better made before sealing 
the end, in order to keep the tube perfectly straight. The 
rubber should fit tightiy about the larger parts of the glass 
tube and be put on with care to have the smoothly cut slit 
straight and loose enough to close tightiy. If the slit is 
placed about 90° from the opening in the tube, sufficient space 
will remain to permit the escape of tiie gas or liquid, but the 
moment the pressure outside becomes greater than that within, 
the rubber will be pressed tipttly ^^^^ ^^ openii^ and thus 
a return made impossible. xV'be^ ^' ^® valve was found 
not to resist high pressure ^ectly ; but when wet, or better 
when both glass and rubb^^^ tiding *® ^^ "^^ moistened 
with glycerin, a column ^ ^^ w^t^ry ISO mm. high was held 
for several days without ^^ ^^%><? more than the barometer. 
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The valve thus lubricated with glycerin when used as a 
protection in an ammonia wash-bottle, will prevent absolutely 
the access of ammonia to the mouth, and if made according to 
the directions will act with very little pressure. Placed in the 
connection between the vacuum flask and water pump ordi- 
narily used in filtration, it has been found a valuable check on 
the valve of the pump, and when the latter was impotent this 
device prevented any water being drawn into the filtrate. In 
a process soon to be published, in which a partial vacuum is 
used, this valve holds the vacuum in continual readiness and 
adds greatly to the convenience of the process. 

Force Pump. — By adjusting two of the valves just described 
to the opposite extremities of a T-tube, with the horizontal 

limb enlarged or sealed to a larger tube so as to 
permit the attachment of a large and stout piece 
of rubber tubing closed at one end, as shown in 
Fig. 18, a convenient and powerful little force 
pump is obtained. A small bore, stout T-tube is 
cut off short at the two ends at right angles to 
one another: to one is sealed a tube just large 
enough to permit the insertion of a valve ; to the 
other, a large tapering tube, slightly lipped so as 
to hold a piece of rubber tubing firmly and allow 
of tying the latter if necessary. Of the third end 
of the tube, a valve like that shown in Fig. 12 is 
made. The compressing rubber should not l>e 
of greater length than the hand is able to cover 
completely and may be closed with a glass stopper selected to 
fit tightly. Providing the space through the T-part is kept Ckt 
a minimum compared with that of the compressing rabber, 
rapid pumping will be found possible and the power limited 
only by the strength of the user's grip. A column of ^water 
was quickly raised and forced from the top of a tube sixteen 
feet in length. The apparatus will be found convenient in 
the absence of a regular pump and can be quickly constmcted 
of materials always at hand. Originally it was made, in about 
fifteen minutes, of a T-tube to which the necessary enlaige- 
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ments were connected by rubber tubing and the unused space 
filled by a glass rod. The valves may be mserted directly into 
the ends of the compressing rubber, but the form shown in the 
figure will be found more serviceable. By attaching the lower 
end to a tapering tube as shown, the pump is easUy inserted 
into any sized perforation of a stopper and adds greatly to its 
convenience. 

The pump has been found serviceable in various applications. 
For filling burettes it will be found more advantageous than 
the siphon plan. The standaid solution bottles are fitted with 
two-holed stoppers, from one of which a tube of sufficient 
length is bent so as to reach into the burette. The pump can 
be applied to various bottles by the adapter shown in the 
figure and the solutions forced into the burettes. To prevent 
any evaporation in the tube a glass stop-cock may be inserted. 
On several occasions it has been appUed to a Kipp generator 
in which higher pressure was momentarily required. In 
various other wayB it has been found a useful piece of 
apparatus. 
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THE REDUCTION OF THE ACn)S OF SELENIUM 

BY HYDRIODIC ACID. 

By p. a. QOOCH axd W. G. BEYNOLDa* 

A METHOD for the iodometric determination of selenions acid 
has been recently announced by Muthmann and Schaeferf 
which is based upon the reduction of selenious acid by 
hydriodic acid and the direct titration of the iodine thus 
liberated. To determine the selenious acid it is only necessary 
to add it in solution to an acidulated solution of potassium 
iodide, when iodine and selenium are both set free in elementary 
f orm, the former being directly determinable by titration with 
sodium thiosulphate after addition of starch. The difficulty 
in the process is said to be the uncertainty as to the exact 
point in the titration at which the starch blue disappears 
from the liquid in which the finely divided and opalescent 
seleniiun is held in suspension. For this reason the process 
is recommended for use only when great accuracy is nol^ 
essential. 

Evidently if the reaction between the acidulated iodide and 
selenious acid is single and complete, the process should 
be capable of improvement by removing the selenium before 
the titration is attempted. This we have succeeded in doin^ 
without difficulty. We find the most convient and rapid 
way to remove the finely divided selenium is to ffiter tlie 
liquid containing it by means of the vacuum pimip upon a 
thick felt of asbestos in a perforated crucible or cone of large 
ffltering surface. With a properly prepared filter of this 
description there is no difficulty in separating the selenium in 

* From Am. Jour. ScL, 1, 264. 

t Ber. Dtsch. chem. Qe»., xxri, 1008. 
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a yeiy few moments so completely that it is possible to 

determine the iodide remaining dissolved in the excess of 

potassimn iodide with all the accuracy characteristic of this 

most exact of titration processes. We find, however, that 

^when the difficulty of determining the end-reaction in the 

titration of the iodine by the thiosnlphate is overcome, it 

becomes apparent that the reaction upon which Muthmann 

and Schaef er depend is not perfect. Either the reduction of 

tlie selenious acid to selenium is not complete, or else the 

iodine remains in combination to a slight extent with the 

selenium and so Mis to appear in the filtrate. This is 

evident from the results of the experiments of Table I, in 

which the selenious acid and potassium iodide acidulated with 

hydrochloric acid were brought together, the liquid thrown 

upon the asbestos filter, the selenium washed until free from 

soluble iodine, and the filtrate containing the iodine treated 

as usual with sodium thiosnlphate in presence of starch. 

The details of treatment are described sufficiently in the 

table. The selenium dioxide was prepared for the work 

&om the so-called pure elementary selenium by dissolving 

it in strong nitric acid, evaporating off the excess of the last, 

treating the solution of the residue in water with barium 

hydroxide, filtering to remove selenic acid formed in the 

oxidation and traces of sulphuric acid possibly present as an 

impurity, recovering the selenium dioxide by evaporation, 

and purifying it by subliming and re-subliming it in a current 

of dry air until it was clean and white. 

TABLE L 




From these figures it 
the filtrate in amount 



^ - ,^o that iodine w« not iomid m 
•»^ pia**^ ^jjjg to the aelenium dioxide 
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present. In the following experiments of Table IL an excess 
of the thiosnlphate was added before filtering off the selenium 
so that there should be every opportunity for the iodine and 
thiosnlphate to interact before the removal of the selenium* 
In two experiments the proportion of hydrochloric acid was 
increased tenfold for the purpose of seeing whether the 
presence of a large amount of free acid influences the result. 

TABLE n. 



BeO, 

taken. 


KlQMd. 


HCluMd. 
(Bp. gr. 1.20). 


VohmiA 

before 

filtering. 


BeO, 
foona. 


■rrar. 


grm. 
0.0499 
0.0499 
0.0499 
0.0499 
0.2006 
0.2030 


gnn* 
1 
1 
1 
1 
8 
8 


cm* 

6 
8 
60 
60 
6 
6 


cm* 

100 
100 
100 
100 
100 
100 


grm. 

0.0489 
0.0486 
0.0489 
0.0488 
0.1926 
0.1946 


gnn. 
0.0010- 
0.0014- 
0.0010- 
0.0011- 
0.0081- 
0.0086- 



These results show improvement over those obtamed when 
filtration is made before acting with the thiosnlphate, but 
it is obvious that the presence of a large proportion of free 
hydrochloric acid is without effect upon the reaction, and 
that the iodine set free and measured is still deficient in 
proportion to the amoimt of selenium dioxide present. 
Plainly the reduction of the selenium dioxide is incomplete, 
or else there is formed between the selenium and iodine a 
combination, such as was noticed by Hautef euille * in the 
interaction of iodine upon hydrogen selenide. In either case 
it should be possible to push the reaction &rther toward 
completion by submitting the mixture of selenious acid, 
potassium iodide, and hydrochloric acid to distillation. We 
have used for this purpose an apparatus employed and 
described in connection with previous similar work in this 
laboratory. The distillation flask is a Yoit gas-washing flask, 
and this is sealed to the inlet tube of a Drexel wash-bottle 
used as a receiver, to the outlet tube of which is sealed a 

* Ck>mpt. rend., Ixriii, 1664. 
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"Will and Varrentrapp absorption apparatus to serve as a 
trap. The mixture to be distilled was introduced into the 
flask, a solution of 8 grm. of potassium iodide in 100 cm^ of 
'water was put into the receiver and trap and during the 
distillation a slow current of carbon dioxide was passed 
through the apparatus to keep the boiling regular. Naturally 
the acidified solution of the iodide in the flask retains with 
great tenacity traces of dissolved iodine, so that, in order to 
determine all the iodine liberated in the reaction, the residue 
in the flask as well as the distillate in the receiver and trap 
was titrated in the usual way with sodium thiosulphate. 
The details of treatment and the results are recorded in 
Table UI. 









TABLE 


m. 






BeO. 


Klin 
fluk. 


HGlin 

fluk. 

(8p.gr. 1.20). 


Total 
TOlume 
boUed. 


Time 

in 

minntet. 


SeO. 
founo. 


Shot. 


grm. 


gnu* 


oin^ 


0JQ* 




gnn. 


gnn. 


0.0499 


1 


6 


60 


6 


0.0497 


0.0002- 


0.0499 


1 


6 


60 


5 


0.0497 


0.0002- 


0.0499 


1 


6 


60 


10 


0.0496 


0.0003- 


0.2000 


8 


6 


60 


10 


0.1996 


0.0005- 


0.2000 


8 


6 


60 


10 


0.1991 


0.0009- 


0.2028 


8 


6 


60 


10 


0.2018 


0.0005- 


0.5018 


8 


6 


60 


10 


0.4685 


0.0888- 



t' 






These results are all fedrly good, though all a little deficient, 
for amounts of selenium dioxide up to 0.2 grm. ; but when the 
amount of the dioxide reaches 0.5 grm. the iodine found in 
the distillate and in solution in the residue falls far below 
the theory based upon the assumption that the products are 
selenium, iodine, and water. The selenium in the residue 
was left after the boiling in fine dense crystalline condition 
in the experiments with the smaller amounts, so that it did 
not interfere with the titration of the free iodine; but in 
the last experiment, in which approximately 0.5 gram of the 
dioxide was treated, the selenium remained in pasty form 
adhering to the flask. Subsequent examination proved that 
the pasty selenium held iodine, which was liberated slowly 
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to water and more tapidl; to an aqueous soli 
Bimo iodide. 

The largest enors have been found (exceptii 
last experiment from the discussion) when the f 
filtered off from the reduced selenium; bettei 
obtained when the precipitated selenium wai 
with the thiosulphate before filtering; and in t 
process t^ best approximations are made to tn 
It is obvious that as the proportion of selenii: 
increase, the tendency to form a combination : 
fest The error thus introduced in the detenui 
selenium dioxide by the distillation process is 
to the limit of 0.2 grm. 

Potassium iodide in hydrochloric acid acts mm 
upon selenic acid than upon selenious acid. WI 
chloric acid is present in small proportions in t 
selenic acid and the iodide the reduction is very 
it tends to approach completion as the strength o 
acid is increased. 

It is obvious, in the light of the previous exp 
selenious add, that it is unreasonable to ex 
liberation of iodine in the action of selenic a 



1^ 
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RJTnilar circumstances. The experiments of Table IV, in 
*which selenic acid (obtained by oxidizing known amounts 
of seleniimi dioxide by means of potassium permanganate 
in the manner described in a previous paper from this labora- 
tory) * is treated according to the distillation method outlined 
above for the determination of selenious acid, show that this 
expectation is realized, and that the analytical results are 
fairly good. 

In conclusion, it is plain that while the simple contact of 
solutions of selenious acid or selenic acid and potassium 
iodide acidified with hydrochloric acid does not determine 
the liberation of the full amount of iodine which would be' 
expected if selenium, iodine, and water were the sole products 
of action, it is possible to bring about such action with a 
close approximation to completeness, when the amounts of 
seleniimi present are not too large, by submitting such 
mixtures to distillation. We prefer, in applying the reaction 
to analytical purposes, to work with the apparatus and under 
the conditions described — treating, preferably, not more than 
0.2 grm. of the selenium oxide, using from 1 grm. to 8 grm. 
of potassixmi iodide in the distilling-flask with 5 cm* of strong 
hydrochloric acid in a total volume of 60 cm^ and continuing 
to boil for ten minutes. 

• Gooch and demons, Am. Jonr. ScL, 1, 51. This Tolnme, p. 297. 
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THE QUANTITATIVE DETERMINATION OP 

PERCHLORATES- 

Bt D. albert KBEID£R.« 

The method usually employed for the quantitatiye determina- 
tion of perchlorates, by igniting to the chloride and weighing 
the halogen as the silver salt, is indirect and subject to error, 
especially, as my experience proved, where the free acid is to 
be determined and where, consequently, an alkali which is 
apt to contain chloride is used to form the salt for the 
ignition. To purify the salt for this method only adds to 
the complication, and therefore a more satisfactory process 
was sought. In a recent article f from this laboratory, a 
method for the detection of alkaline perchlorates associated 
with chlorides, chlorates and nitrates were detailed, with 
mention of certain efforts towards a quantitative determina- 
tion. As throwing light upon the peculiar properties of 
perchlorates, and as an introduction to ^e satisfactory ixiethod 
which I have finally developed, some of the results of these 
earlier efforts will here be given. 

In studying the properties of perchloric acid in the form of 
its potassium salt, we found that when treated with poteissium 
iodide in the presence of boiling phosphoric acid, no reduction 
of the perchlorate is effected; unless indeed, the boiling be 
continued till the temperature rises to 216° to 220** C, where 
the meta-phosphoric acid begins to form. But when the 
meta-phosphoric acid (made by heating the syrupy ortho-acid 
to 860° C.) is directly applied in the presence of potassium 
iodide and kept at a temperature of about 200^ C, iodine is 

* From Am. Jour. ScL, 1, 287. 

t Gooch and Ereider, Am. Jonr. Sd., zlyiii, 88. Thif Tolune, p. 24j8. 
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copiously evolvecL To test this reaction quantitatively a 
number of experiments were made in an apparatus consisting 
of a retort, into the tubulature of which a glass tube was 
carefully ground and prolonged so as to reach to the bottom 
of the bulb and serve for the passage of a current of carbon 
dioxide, used to expel the air and carry the iodine into the 
receiver. The neck of the retort was bent so as to reach to 
the bottom of an Erlenmeyer receiving vessel, containing a 
solution of potassium iodide, which was trapped by a side- 
necked test tube. After introducing the perchlorate with 
the iodide and metarphosphoric acid, all air was expelled 
by carbon dioxide and heat applied. The iodine collected in 
the receiver was titrated with decinormal thiosulphate, from 
which the perchlorate was calculated. 

Table I gives the results of several experiments performed 
in this way, which prove that even with a large excess of 
potassium iodide the perchlorate is so slowly reduced that 
the hydriodic acid escapes before the reduction is completed. 
In order to delay the distillation of hydriodic acid until the 
perchlorate had been completely reduced, the potassium iodide 
of experiment (3) was introduced in a short tube sealed at 
one end, so that the metarphosphoric acid could attack it 
only slowly, and the heat quickly raised to about 800° C, 
but evidently without advantage. In experiment (4) the 
iodide was introduced in the same way, but the heat was 
applied gradually and more moderately, with considerably 
improved results. 









TABLE I. 






. A 

c 


Expw 


KOIOttakOk 


HOPOtUMd. 


Klnaed. 


KOK>« f oond. 


Bnor. 




(2 
(3) 

(4) 


sraiL 
0.1000 
0.1000 
0.1000 
0.1000 


0JQ* 

16 
17 
16 
16 


gnn* 
6 

10 
6 
6 


grm* 
0.0741 
0.0844 
0.0364 
0.0977 


gnn. 
0.0260- 
0.0166- 

o.oese- 

0.0023- 



A complete reduction of the perchlorate evidently necessi- 
tated the means of introducing the iodide in sufficient quantity 
and at will. 
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For this purpose the tube serving for the introduction of 
carbon dioxide was enlarged so as to hold the iodide, which 
could then be added to the solution at any time by a manipula- 
tion of the rubber conducting-tube for carbon dioxide, which 
would draw the acid up to the iodide and, retreating, would 
cany back an easily regulated quantity of the latter. 







TABLE 


n. 




Szp. 


K0104talan. 


KIoMd. 


KC10« f oond. 


Xnt>r. 


(5) 

(«) 
(7) 

<2' 
(») 

(10) 

(11) 
12) 

(18) 


gnn. 
0.1000 
0.1000 
0.0600 
0.0600 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 


gnn* 
6 
8 
2 
2 
7 
8 
8 
2 
4 


gnn* 
0.0084 
0.0924 
0.0608 
0.0479 
0.0977 
0.0926 
0.0999 
0.0994 
0.0966 


gnn* 
0.0016- 
0.0076- 
O.OOOSf 
0.0021- 
0.0023- 
0.0075- 
O.OOOl- 
0.0006- 
0.0034- 



Table 11 gives a number of results obtained in this way. 
Experiments (10), (11), and (12) differed from the others 
only in the employment of a bulb pipette instead of the retort, 
one end being bent so as to reach to the receiver and the other 
cut off rather short with a tube ground into it, serving the 
same purpose of conducting carbon dioxide and holding potas- 
sium iodide, the greater inclination of the potassium iodide 
tube made possible by this change appearing to offer advantages 
for the more gradual and regular introduction of the iodide. 
The amoimt of metarphosphoric acid used was in all cases 
15 cm^. In experiment (18) heat was applied by means of a 
bath kept at 230^. 

While several of these deteiminations gave only admissible 
errors, the irregularity of the remainder and the uncertainty 
in striking just the proper conditions for good results, proved 
the method worthless at least in that shape. 

The experiments of Table m record the results of adding 
the acid drop by drop to an intimate mixture of the powdered 
perchlorate and iodide kept hot. 
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TABLE m. 






Szp. 


KC10,takan. 


KItek«n. 


KC10« found. 


Knor. 


(14) 

(16) 
(16) 


grm. 
0.1000 
0.0600 
0.0600 


gnn. 
4 
2 
8 


gnn. 

0.1036 
0.0602 
0.0615 


gnn. 
0.0086+ 
0.0002+ 
O.OOlfrf 



The high results of this table doubtless point to the dis- 
sociation of hydriodic acid or to the partial reduction of 
the meta-phosphoric acid in the temperature, which would 
naturally rise higher where so small an amount of liquid was 
present. But when the metarphosphoric acid was there in 
greater amount the distillation of the hydriodic acid before the 
complete reduction of the perchlorate could not be prevented. 

An ordinary mixture having thus been found insuflacient 
to hold the hydriodic acid to the reduction of perchlorates, a 
search for some compound in which the perchlorate could 
be fused with an excess of potassium iodide and the mixture 
thus obtained subjected to the action of meta-phosphoric acid 
resulted in the employment of zinc chloride. Anhydrous zinc 
chloride was found to fuse at about 200° C. The perchlorate 
and iodide could be added to this fusion and the whole melted, 
thoroughly diffused, and cooled without any evolution of iodine. 
This mass, when treated with metarphosphoric acid in the ap« 
paratus previously employed, melted gradually with a copious 
evolution of iodine. Table IV shows the quantitative action. 
The amount of zinc chloride used was roughly taken about 
equal to that of the iodide. 

TABLE IV. 



Bzp. 


KC10«tek«n. 


KI taken. 


KC10« fonnd. 


Xnt>r. 


(17) 

(18 

(19) 


gnn. 
0.0600 
0.0000 
0.0000 


gnn. 
6 
6 

4 


gnn. 
00562 
00014 
a0057 


gnn. 
0.0052+ 
0.0014+ 
0.0057+ 

- 



In (19) a mixture of cadmium iodide and potassium iodide 
taken in the proportion of their molecular weights was substi- 
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tuted for the zinc chloride. The known salt corresponding to 
the formula Cdls . 2KI + 2HsO was not so convenient because 
of its high melting point, 280^ C. ; but when the two iodides 
are taken in the proportion of their molecular weights, the 
mixture fuses at about 200'' C. Although this mass after 
fusion was more easily soluble than the zinc residue, the blank 
determination revealed a source of error equally disparaging. 

Graseous hydriodic acid passed into a mixture of the perchlo- 
rate and meta-phosphoric acid at a temperature between 200^ 
and 800° C was markedly less effective than the generation 
of the acid on the spot; and the distilling of the perchloric 
acid by meta-phosphoric acid into a receiver of potassium 
iodide yielded only a trifling amount of iodine, while the 
passage of hydriodic acid over the fusing perchlorate in a short 
combustion tube was precluded by the high melting point of 
the perchlorate endangering the dissociation of the halogen. 

The invariably high results obtained by the use of meta- 
phosphoric acid in all those experiments in which there was a 
reasonable assurance that the hydriodic acid was held till the 
perchlorate was completely broken up, — experiments (13), (14), 
(16), (17), (18), and (19), — indicated either a dissociation 
of hydriodic acid or a partial reduction of the meta-phosphoric 
acid. Of the latter cause there were some grounds for suspicion, 
but as its determination led too &r from the object of the 
investigation, the use of phosphoric acid was abandoned. So 
far as our experience extended there remained then nothing 
among the reagents of the wet methods which was sufficiently 
active and stable enough to warrant its application. Fusion 
alone seemed capable of extracting the oxygen from the per- 
chlorate. A number of preliminary tests were therefore 
made oti certain salts of the halogens, in the hope of finding 
one which would be acted upon by the oxygen of the perchlo- 
rate with the liberation of the halogen, which latter could be 
collected in a receiver of potassium iodide and titrated with 
thiosulphate. 

The double chloride of aluminum and sodium, AlsCle . 2NaCl, 
melts at about 200^ C, and was in other respects desirable* 
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When fused with potasdum perchlorate, chlorine was copiously 
evolved. The action of air on the fusion also liberated chlorine ; 
but blank detenninations in an atmosphere of carbon dioxide 
proved that under these conditions not a trace of chlorine was 
evolved. The apparatus employed for a quantitative test of 
this reaction on perchlorates consisted of a small distiUing 
flask of about 20 cm^ capacity, into the tubulature of which 
was ground a piece of glass tubing reaching well into the bulb 
and serving for the passage of carbon dioxide. The side 
neck was sealed to one of two connected Will and Varrentrapp 
absorption bulbs containing a solution of potassium iodide to 
receive the chlorine. After weighing the perchlorate into the 
flask and adding a sufficient amount of the powdered double 
chloride, all air was expelled by carbon dioxide and heat 
applied tiU the fused mass was raised considerably above 
the melting point and kept there for some time. Table V 
contains the results of a number of experiments performed in 
this way. 

TABLE v. 



Bxp. 




KC10« found. 


Bnor. 


(22) 
(28) 

(24) 


gnn. 
0.0600 
0.0600 
0.0600 
0.1193 
0.1080 
0.0600 
0.1003 


gnn. 
0.0488 
0.0482 
0.0460 
0.1176 
0.1018 
0.0477 
0.0946 


gnn. 
0.0062- 
0.0018- 
0.0040- 
00018- 
0.0021- 
0.0023- 
0.0067- 






These results came so close to being quantitative that a 
little help in the form of free acid seemed all that would be 
necessary to complete the reaction. But the addition of 
meta-phosphoric acid to the cooled mass after the fusion in 
(22) gave no additional evolution of iodine. In (25) gaseous 
hydrochloric acid was passed in with the carbon dioxide in 
the hope of meeting the deficiency, but was evidently no 
improvement. One test in which metarphosphoric acid was 
added to the fusion, resulted in such a violent evolution of 

21 
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hydrochloric acid that the whole contents of the flask was 
forced into the receivers. 

The results obtained by substituting (a) cadmium iodide 
and (h) anhydrous zinc chloride for the double chloride of 
aluminum and sodium are recorded in Table VI. In (27) 
(28) and (29) cadmium iodide was used and the iodine 
obtained by treating the cooled mass with dilute sulphuric 
acid (1 : 6) and potassium iodide for the reduction of cadmium 
oxide in each case added to that of the receivers. In (80) and 
(31), zinc chloride was employed, but no additional iodine was 
obtained by treatment with sulphuric acid and potassium 
iodide. 

TABLE VL 



Bzp. 


K010«takMi. 


KC10« found. 


SfFor* 


(27) 
(28) 

(29) 
(80) 
(81) 


gnu. 
0.1000 
0.1000 
0.1000 
0.1000 
0.1658 


gnu. 
0.0745 
0.0698 
0,0679 
0.0245 
0.1156 


gnn. 
0.0255- 
0.0807- 
0.0321- 
0.0755- 
0.0497- 



In (31) manganous chloride was mixed with the zinc 
chloride in the proportion of 2 : 1 in the hope of strengthening' 
the reducing action. The black color of the fusion revealed 
the f onnation of manganese dioxide, the eqmvalent of which 
in iodine was obtained by dissolving the cooled mass in water, 
adding dilute sulphuric acid and a known amount of ammo- 
nium oxalate, titrating the residual oxalate with permanganate 
solution and calculating the difference into iodine which was 
added to that obtained by titrating the contents of the 
receivers. This addition of manganous chloride to the fusion 
of the double chloride of aluminum and sodium was forestalled 
by the necessity of subsequent solution of the fused mass» 
which contained an impurity in the form of ferric chloride, 
which of course in the presence of hydriodic acid would be 
reduced with evolution of iodine. 

It was evident from all these results, as well as those 
obtained by use of other salts not necessary here to record^ 
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tJiat fusion with salts of the halogens would not suffice for 
the complete reduction of perchlorates, or at least would not 
quantitatiyely register the result in the halogen liberated. 
The well known reaction of the oxidation of chromic oxide 
by fusion with alkaline carbonates was also applied. A 
combustion tube was used for the fusion, sealed at one end 
and, after the insertion of chromic oxide with a mixture of 
sodiimi and potassium carbonate, constricted at the other end 
so as to admit a small tube by which carbon dioxide could be 
entered to expel all air. A blank determination gave no 
chromate. When 0.1 grm. potassium perchlorate was mixed 
with an excess of chromic oxide and alkaline carbonate and 
carefully fused from the top and kept in a state of fusion 
throughout its length in an atmosphere of carbon dioxide, the 
fusion subsequently dissolved in water and the chromic oxide 
removed by filtration, an amount of chromate was obtained 
on titration equivalent to only 0.0847 grms. of potassium 
perchlorate. 

Powerful as were the various reducing agents employed for 
the decomposition of perchlorates, they were all successfully 
resisted, even at the l^ghest permissible temperatures ; and if 
anything is proved by the results of the experiments above 
recorded, it is that perchloric acid is, in combination, one of 
the most powerful and stable acids known. Certainly nothing 
short of high temperatures is capable of overcoming the 
remarkable affinity by which the oxygen of this acid is held 
by its salts. At about 400^ C. the potassixmi salt fuses with 
evolution of oxygen, and as a last resort an attempt was made 
to have the oxygen thus obtained act on hydriodic acid by 
intervention of nitric oxide. It was the application of this 
principle that led to the final method, which, both as to 
manipulation and results, leaves nothing to be desired. 

The method is essentially the collection of the oxygen of 
the perchlorate ; its subsequent passage into an atmosphere of 
nitric oxide over a strong solution of hydriodic acid, and the 
titration of the iodine thus liberated with decinormal arsenic 
in alkaline solution. The apparatus employed consisted of a 
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piece of combustion tubing 10 or 12 cm. in length, drawn out 
at one end to a narrow constriction of length sufficient to 
prevent the action of the heat on the rubber tubing connecting 
it with a receiver filled with caustic potash. The tube must 
of course be cleansed from all organic materials and cannot be 
safely employed for more than three fusions. A platinum 
boat (porcelain fusing to the glass) served for the introduction 
of the perchlorate to the combustion tube, and in order to 
bring about a gradual and quiet fusion the perchlorate was 
covered with a small amount of an equal mixture of diy and 
pure sodium and potassium carbonates. Carbon dioxide 
obtained from a Kipp generator, the acid and marble of which 
had been previously boiled to expel all traces of air, and to 
which a little cuprous chloride had been added to take up any 
oxygen which might be absorbed from the top, was passed 
through a solution of iodine in potassium iodide to remove a 
trace of reducing agent which it was found to contain, and then 
washed with potassium iodide solution before being used. The 
larger end of the combustion tube was closed with a perforated 
rubber stopper by which it was attached to the carbon dioxide 
apparatus. After all air had been expelled from the inclined 
tube by means of carbon dioxide, it was connected by a short 
glass capillary and vacuiun tubing joints with the receiver, 
into which about 60 to 100 cm^ of gas was allowed to flow 
before the combustion was started and thus when only a small 
but inevitable bubble remained insoluble in the caustic potash 
the complete removal of air was indicated. To prevent the 
caustic potash from drawing into the combustion tube, a little 
more carbon dioxide was entered, when the current was closed 
by a pinch-cock on the side towards the generator and hea't 
gradually applied — with perforated asbestos cards on either 
side to check its radiation to the rubber — and continued till 
the contents of the platinum boat was in a quiet state o:f 
fusion. By lowering one of the bulbs of the caustic potasli 
receiver, the oxygen was evolved under slightly diminished, 
pressure and thus the chances of loss decreased. Then tke 
tube was again inclined and carefully annealed, while a currents 
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of carbon dioxide carried all of the oxygen into the leceiyer, 
which was then closed and disconnected. As a receiver, two 
levelling bottles were found vastly superior to a burette ; the 
glass stop-cocks of the latter giving continual trouble by the 
action of the caustic potash upon them. I found that gas 
could be removed from a levelling bottle without the loss of a 
particle if a perforated rubber stopper containing a capillary 
tube, which reached just even with the narrower end, was by 
a slight twist forced tightly into the neck of the bottle. In 
this way a regular funnel shape was obtained and the oxygen 
could be withdrawn without the slightest bubble remaining. 
The other end of the capillary was fitted with a short piece of 
vacuum tubing and screw pinch-cock, which worked incom- 
parably better than the glass stop-cocks. The larger capacity 
of the bottle was favorable for the volume of oxygen evolved 
and its shape offered superior facilities for the absorption of 
carbon dioxide. 

For the action of the oxygen on hydriodic acid through the 
medium of nitric oxide, various devices were tested. Passing 
it directly into nitric oxide over a solution of hydriodic acid in 
a Hempel absorption bulb was found to yield low and irregular 
results, due doubtless to the formation of nitric acid wherever 
the nitrogen tri-oxide, or per-oxide as the case might be, met 
water in which the hydriodic acid had been exhausted ; as, for 
instance, along the sides of the bulb. Shaking the bulb as the 
oxygen entered improved the action, but was not suflBcient. It 
was evident that for a complete action, the hydriodic acid 
solution must be strong and on the spot where the higher 
oxide of nitrogen is formed; and to avoid excessive use of the 
iodide the volume of water must be kept at a minimum. Let- 
ting a solution of hydriodic acid saturated with nitric oxide 
flow slowly into the Hempel bulb in which the oxygen was 
contained over water, was so slow in its action that a quanti- 
tative test was not applied. The plan of mixing the two 
gases under a strong solution of hydriodic acid by means of 
two capillaries with adjoining openings, was more effective 
and rapid, but it was wasteful of nitric oxide, which for 
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complete actioii would have to flow in continual excess, 
wbeieas only a small amount of nitric oxide would really be 
necessary for the reaction, since it could be used and reused 
for the transfer of free oxygen to the hydriodic acid. A simple 
piece of apparatus was then devised to meet all these conditions. 
It consisted of a 100 cm" bulb pipette, cut ofE short at eitber 
end with stop-cocks sealed to both stubs. The deliveiy tube 
of one of the stop-cocks was cut ofif radier short after being 
tapered and leftiicted so aa to bold a rubber connector tightly, 
while the other deliveiy tube was left long enough to reach 
to the bottom of an Erlenmeyer beaker. It is a conTenieuce 
to have these conductii^ tubes S or 4 mm. in diameter raUier 
than capillaries, since for tlie yarious connections all air may 
be expelled from them by displacement with water, which is 
easily accomplished by using a long nozzled wash bottle. By 
attaching the shorter end to an ordinary water pump the air 
was partially exhausted when the stop-cock was closed and the 
bulb disconnected and lowered into a solution of hydriodic 
acid of approximately known strength, obtained by acidifying 
potassium iodide with hydrochloric acid. When the desired 
amount of liquid had been drawn in, the stop-cock was closed 
and connection made with the carbon dioxide, l^ which all 
residual air was expelled. Then the bulb, held so a« to 
prevent tbe escape of the liquid, was ^ain exhausted by 
attachment to the pump. After about 10 cm' of nitric oxide 
had been admitted, attachment was made to the receiver con- 
taining the oxygen, which was allowed to enter slowly under 
the diminished pressure wit^iin the bulb, and with contanaous 
shaking of the contents of the latter. The latter precaution 
is essential to the process, as otherwise there is imperfect 
distribution of the hydriodic acid and the danger of forming 
nitric acid. But when the solution of hydriodic acid is kept 
and the BlmTritig continued wiiile the oxygen enters and 
oinute or two afterward, depending on the lapidity with 
it was admitted, the oxygen may be allowed to enter 
rapidly wilbont any fear of imperfect action. The 
1 being immediately utilized, the partial vacuum is 
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affected only by the heat generated, which is scarcely notice- 
able. As a role the bulb and contents were well cooled before 
the oxygen was admitted. 

It is necessaiy of course to prevent the access of air into the 
bulb until the acid has been neutralized, to accomplish which, 
without loss of iodine, potassium carbonate must be used, at 
least for the end reaction. To remove the contents of the bulb 
for titration, the two delivery tubes were filled with water, 
after removing ail sodium hydrate from the one through 
which the oxygen was entered ; the shorter end connected to a 
supported funnel containing a saturated solution of bi-car- 
bonate and the longer one inserted into an Erlenmeyer beaker 
containing a saturated solution of bicarbonate in amount 
sufficient — as previously determined — to neutralize all the 
acid taken. By opening that stop-cock the delivery tube of 
which reaches below the liquid in the beaker, the bi-carbonate 
is drawn in by the partial vacuum, with liberation of sufficient 
carbon dioxide to force all the liquid out. Owing to the con- 
sequent effervescence as the liquid gains its exit, the flow 
must be regulated by the stop-cock so as to avoid loss of 
iodine, which is prevented by inclining the beaker so that the 
bubbles strike against its side instead of being allowed to 
splatter out of the opening. To wash out the bulb, it is raised 
almost horizontally, so as to prevent the liquid from running 
through, and the upper stop-cock opened to admit the bicar- 
bonate from the funnel. Both stop-cocks are then closed, the 
bulb disconnected and agitated, after which it may be washed 
with water and admission of air without any fear of liberating 
more iodine. An excess of decinormal arsenic is then run 
into the beaker and titrated back with iodine. 

The many little precautions essential to note for the 
manipulation are in practice accomplished in a few moments. 
Seven determinations (not counting one which was all but 
completed, when an accident terminated it) from the weighing 
of the perchlorate to the titration, were completed in one 
day ; and the results recorded in Table VII show with what 
reliability. In making the series of experiments recorded in 
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lai^ amoimte of the gaa are to be dm' 
intervBls) was devised hj Professor Gooch, 
been employed for some time. It is automat 
Batisfactoiy. The hydriodic acid was obtain 
tion of potassium iodide containing one gra 
centimeters; tiiirty cubic centimeters being 
experiment, and acidified with the requi 
hydrochloric acid immediately before using, e 
any liberation of iodine by the oxygen of th' 
experiments in which more than this amoiu 
iodide was employed a correspondingly stroi 
the latter was used, so that the voliune of \ 
cases thirty cubic centimetars. 

In experiments (40) and (48) during a n 
in the shaking of the bulb during the absc 
deposit of iodine began to form on the glasE 
proves the importance of the precaution pi 
that the hydriodic acid should be kept hn 
bulb until the action is completed. The blan 
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in a current of carbon dioxide until decom] 
plete ; collecting the oxygen over caustic pot 
to enter a partly vacuum bulb containing a si 
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i^tation ; and determining by means of a st 
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THE REDUCTION OF SELENIC ACID BY 
HYDROCHLORIC ACID. 

Bt f. A. OOOCH AMD P. 8. EVANS, Jb.' 

It has long been known that Belenio acid is leducible 
hydrochloric acid with evolution of chlotine, but the react: 
was regarded as more or less uncertain until Pettersou ahowt 
t^t conditions of action may be secured under which 1 
redaction proceeds so regularly that the chlorine evolved n 
be estimated iodometiically and taken as the measure of 1 
selenie acid originally present, or of the selenious acid produc 
According to this method of determination, it is only neceaSi 
to boil a solution of selenie acid in hydrochloric acid 
moderate concentration, and if the solution is not too dili 
the reduction is obtained in a few momenta. Petterson < 
not, however, fix with exactness the limits of dilution wit) 
which a successful detennination of the selenie acid may 
expected. The object of this paper is to record the resu 
which we have obtained in studying more closely the conditif 
necessary to an accurate and rapid reduction. We have ui 
in our experiments solutions of selenie acid prepared 
oxidizing pure, white, resublimed selenium dioxide accordi 
to the method laid down in a previous paper from this labo 
tory{ for the quantitative detenninatiou of that substance, 
portion of the crystalline oxide, approximately 2 grams, v 
carefully weighed, dissolved in 120 cm^ of water containi 
one-twelfth of its volume of sulphuric acid, and treated wit! 
strong solution of potassium permanganate until the co 

• From Am. Jonr. ScL, 1, MO. 

t ZeiUchr. uiaL Chem., xii, 287. 

t OoDch and Clemoiu : Am. Jour. Sd., 1, 51. Thi* Tolnme, p. 20T. 
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characteristic of a distinct excess of that reagent prevailed 
distinctly over that of the brown oxide of manganese thrown 
down in the oxidation. The liquid was warmed to about 50^ 
C.9 bleached by oxalic acid, and the excess of this reagent was 
destroyed by more permanganate. On account of the tendency 
of manganous salts, when present in considerable amount 
in warm solutions containing but little free acid, to react upon 
any considerable excess of permanganate with the deposition 
of higher oxides of manganese, it is generally necessary to 
repeat the bleaching and oxidizing process two or three times 
before the final color of a slight excess of the permanganate 
remains in clear solution and indicates the completion of the 
oxidation of the selenium. Finally, the liquid waa filtered, 
diluted carefully to the volume of 1 litre, and used as a 
standard solution. 

To determine in a general way the point of dilution at 
which mixtures of selenic and hydrochloric acids yield chlorine, 
we submitted various mixtures to distillation in a retort 
arranged with an inverted condenser (so that the aqueous 
distillate might be constantly returned to the retort) whieli 
was joined to an absorption apparatus charged with a solution 
of potassium iodide. A current of carbon dioxide was passed 
through the apparatus during the distillation, to carry forward 
whatever chlorine might be evolved in the process. The 
iodine liberated in the absorption apparatus was determined by 
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titration with standard sodium thiosulphate. The results of 
these experiments are given in the accompanying table. 

It is plain that so long as the volume of the hydrochloric 
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acid, sp. gr. 1,20, does not amount to more than ten per cent 
of the entire liquid no chlorine whatever is evolved and that 
only when the percentage of this acid rises as high as thirty 
does the chlorine evolved during boiling for five minutes 
approach the theoretical yield. In the ordinary process of 
distillation, in which the inverted condenser is not used, the 
liquid must gradually concentrate and the acid become 
stronger, so that under such conditions the yield of chlorine 
in a definite period of time must generally be greater than 
that obtained in the corresponding experiments of the table. 
Obviously it is advantageous, in attempting the practical 
reduction of selenic acid, to begin the distillation with acid of 
strength sufficient to insure the evolution of chlorine in 
quantity at the outset, and we have found it best to start with 
a mixture one-third of which is the strongest aqueous hydro- 
chloric acid, sp. gr. 1.20. With solutions so constituted the 
reduction goes on rapidly. We have found, however, that 
care must be taken not to prolong the boiling after the solution 
reaches a concentration corresponding to hydrochloric acid of 
half-strength; for under such conditions — attained in our 
experiments either by boiling down mixtures of selenious acid 
and hydrochloric acid, or by making mixtures of selenious acid 
containing hydrochloric acid of half-strength — we have found 
that seleniiun appears visibly in the distillate, while iodine is 
set free from the iodide in the receiver. Good results may be 
expected when the mixture, containing one-third of its volume 
of the strongest aqueous hydrochloric acid at the beginning, is 
boiled until all chlorine is expelled, care being taken that the 
volume of the liquid shall not become less than two-thirds of 
the origmal volume. 

These are conditions which are easily kept ; and we have 
found that from solutions having a total volume of 76 cm^ and 
containing 26 cm' of the strongest aqueous hydrochloric acid 
(sp. gr. 1.20), the entire amount of chlorine corresponding to 
tiie reduction of 0.2 grm. of selenic acid to selenious acid is 
liberated in ten minutes. The details of these experiments 
are given in the accompanying table. 
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THE REDUCTION OF SELENIC ACID BY POTAS- 
SIUM BROMIDE m ACID SOLUTION, 

By F. a. GOOCH akd W. 8. 8C0VILLB.* 

It has been shown in previous papers from this laboratory 
that potassiiun bromide may be used with good effect in 
presence of acid and under weU-defined conditions as a 
reducer of arsenic and telluric acids. This paper gives the 
results of similar experiments made to test the interaction 
between the bromide and selenic acid. 

In our experiments we have used selenic acid carefully pre- 
pared by oxidizing pure, white, re-sublimed selenium dioxide 
by means of potassium permanganate in the manner described 

acid and potassium bromide, selenic acid liberates bromine 
in proportion to the excess of acid, the bromide, and the 
elevation of the temperature. When such a solution is boiled 
the bromine is evolved and may be collected in potassium 
iodide contained in any appropriate receiver, and the iodine 
thus set free may be determined by standard sodium thiosul- 
phate and taken as the measure of the bromine distilled. We 
have foxmd an apparatus previously used in this laboratory 
in similar work (made by sealing the exit tube of a Voit 
wash-bottle, used as a retort, to tiie inlet tube of a Drexel 
wash-bottle used as a receiver, with a set of Will and 
Varrentrapp absorption bulbs sealed to the outlet tube of 
the receiver, to serve as a trap) extremely convenient in the 
distillation process, and a current of carbon dioxide passed 
slowly through the apparatus idds greatly in carrying the 
bromine to the receiver and in promoting quiet boiling. We 

* From Am. Jour. ScL, 1, 402. 
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find that the applicability of the reaction to qnantitative 
purposes turns upon the adjustment of the proportions of 
the reagents used. The following table contains the results 
obtained by varying the relative amounts of acid and bromide 
and the time of boiling. The selenium trioxide recorded as 
found is calculated upon the assumption that selenious acid» 
is the product of the reduction according to the equation^ 

H,8e04 + 2HBr = HtSeO, + H,0 + Br, 
Se = 79.1, = 16. 
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From these results it is apparent that the amount of iodine 
set free in the receiver is dependent upon the proportion 
of the bromide, the strength of the acid, and the degree of 
concentration during the distillation. When the proportions 
of sulphuric acid, potassium bromide, and selenic acid are 
favorable, the bromine liberated is removed rapidly to the 
distillate, leaving the residue perfectly colorless, but as the 
distillation is continued the liquid residue again takes on 
color and more iodine is set free by the action of the 
distillate upon a clear solution of potassium iodide, whUe 
selenium is plainly visible in the receiver. When the 
amount of potassium bromide is large its effect is to retain 
bromine in the liquid so obstinately that no period of 
colorlessness intervenes before the second stage of color 
arrives; when its amount is small while that of the sul- 
phuric acid is also small, the reduction of the selenic acid 
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and the evolation of the bromme progress slowly; and 
^when the amount of bromide is small while that of the 
acid is comparatively large, the interval of colorlessness is 
prolonged. The proportions which we found best in handling 
0.25 grm. of selenic acid, or less, are an initial volume of 
60 cm^ containing 20 cm' of sulphuric acid of half-strength 
^th 1 grm. of potassium bromide. Under these conditions 
ve find, as in experiments (4) and (5) of the previous table, 
that the reduction is almost theoretically exact when the 
distillation is continued until the recoloration of the boiling 
liquid is distinctly recognizable; and this point corresponds 
in practice very closely to a concentration of volume to 
85*cm'. In the following table are gathered the results of 
further experiments in which these conditions of action were 
preserved: 
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It is plain from these results that, if the conditions of action 
which we have indicated are observed, the reduction proceeds 
with regularity sufficient to warrant the use of the reaction as 
an analytical process. 
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THE lODOMETRIC DETERMINATION OF 

SELENIOUS AND SELENIC ACIDS. 

* Bt P. A. QOOCH un> A. W. PBIBCE." 

It has been shows in a lecent paper from this laboratoi; f that 
the aimple contact of solutions of aelenioos acid, potasmum 
iodide, and hydrochloric acid, according to the recommeiidation 
of Muthmau and Schaefer, % is not enough to effect the libeia- 
tion of the theoretical amount of iodine when the assumption 
is made that the selenium of the selenious acid is all reduced 
to the elementaiy condition. On the other hand, it was found 
that the yield of iodine is complete when such mixtures are 
submitted to distillation under weLl-defined conditions. It is 
necessary, however, to estimate not only the iodine which 
passes to the distillate, but that which is retained in small 
proportion in the residue, and, though this method of pro- 
ceeding yields closely accurate analytical results and is by no 
means difficolt, it is obvious that a process so contrived that 
the reduction of the selenious acid should be registered 
entirely in the residue would possess the advantage in point 
of convenience. We have made the attempt, therefore, to 
apply in this case a principle of action laid down in a method 
elaborated in this laboratory for the estimation of chloTate8.§ 
When a solution of arsenic acid containing potassium iodide 
and eulphtiric acid is boiled under defined conditions || the 
arsenic acid is reduced to arsenious acid with liberation of 

OH) Am. Jour. Scl., i, 31. 

H»ch utd Reynoldt, Am. Jour. Sci., 1, 264. ndi rolome, p. 3ia 

er. Ducb. chem. Oei., xxri, lOOS. 

ooch and Smith, Am. Jour. Sci., xlii, 220. ITiia rolama, p. S2. 

ooch aod Browning, Am. Jour. Sd., xl, 00. Thii Tolnme, p> 30. 
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iodine. When the arsenic acid is in excess the whole of the 
icMline is evolved and the arsenious acid produced is its exact 
measure. Upon ina.king the solution alkaline with acid potas- 
sium carbonate, the arsenious acid may be leoxidized by 
standard iodine, and the amount of iodine thus used will be 
the exact equivalent of that set free in the reduction-process. 
If, however, any other substance more easily reducible than 
arsenic acid is present, such substance should, naturally, take 
its part in liberating iodine from the iodide and the reduction 
of the arsenic acid should be correspondingly less. This was 
found to be the case when a mixture containing a chlorate, 
arsenic acid, potassium iodide, and sulphuric acid was boiled 
under regulated conditions, so that, with a knowledge of the 
amount of iodide employed and the determination of the 
quantity of iodine necessary to reoxidize the arsenious acid 
produced, the data were at hand for calculating the amount of 
chlorate present in the mixture. It was our hope (which 
proved to be well-founded, as the sequel shows) that selenious 
acid would behave like a chlorate under similar conditions. 

Pure selenium dioxide was prepared by oxidizing presiuna- 
bly pure seleniiun in strong nitric acid, evaporating the 
solution to dryness, dissolving the residue in water, treating 
the solution with barium hydroxide imtil precipitation ceased, 
filtering, evaporating the filtrate to dryness, subliming the 
seleniiun dioxide from the residue, and resubliming that 
product in a current of dry oxygen (which we found to be 
vastly more convenient and effective than dry air) until it 
was perfectly white and crystalline. From the oxide thus 
made a standard aqueous solution was prepared, from which 
portions were measured and (for the sake of greater accuracy) 
weighed for use in the experiments to be detailed. To each 
weighed portion of the selenious acid, contained in an Erlen- 
meyer flask of 300 cm^ capacity, was added a weighed amount 
of potassium iodide (somewhat in excess of that theoretically 
required) prepared in solution of convenient strength and 
tei^;ed as to its reducing power upon arsenic acid imder the 
conditions of the experiments; a solution containing about 
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Obviously the reduction of selenious acid by this method is 
regular and accurate. 

When similar treatment was applied to selenic acid it 
became apparent that the arsenic acid attacked and destroyed 
the iodide before the selenic acid had been completely reduced. 
It is plain, therefore, that the selenic acid must be reduced to 
the condition of selenious acid before its estimation by the 
iodide method can be attempted. Ordinarily the simplest 
mode of reducing selenic acid is by boiling it in solution with 
hydrochloric acid of definite strength,* but in this case the 
presence of hydrochloric acid is precluded on account of the 
consequent volatilization of arsenious chloride during the 
process of concentration in the subsequent treatment with 
the iodide. It has been shown, however, in a recent paper 
from this laboratory! that selenic acid is easily and com- 
pletely reduced to selenious acid by potassium bromide and 
sulphuric acid under defined conditions. Moreover, arsenious 
bromide is not volatilized appreciably under the conditions. 
We made the attempt, therefore, to effect the iodometric deter- 
mination of selenic acid by first reducing it to selenious acid 
by the bromide process and then treating the residue with 
arsenic acid and potassium iodide in the manner described. 

Selenic acid was prepared in standard solution by treating 
a known weight of pure resublimed selenium dioxide by a 
strong solution of potassium permanganate, in presence of a 
moderate amount of sulphuric acid, until the purple color 
was distinctly visible, dissolving the precipitated oxide of 
manganese by oxalic acid, again adding permanganate untQ 
the final color of faintly visible pink was permanent for a half- 
hour or more, and diluting to a fixed volume. Portions of 
the solution of selenic acid were measured into counterpoised 
Erlenmeyer flasks of 800 cm^ capacity and weighed, 1 grm. of 
potassium bromide was added, and sulphuric acid in such 
quantity that the total amoxmt of the free acid should 
correspond to 20 cm' of the acid of half-strength. The 

* Oooch and Eymxu, Am. Jour. ScL, 1, 400. This Tolume, p. 881. 
t Gooch and ScoTille, Am. Jour. 8ci., 1, 402. This volume, p. 886. 
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solution possessing a volume of 60 cm' to 100 cm' was boiled 
until the clear, colorless solution left when the bromide 
vanished began to color again. Experience showed that the 
reappearance of the brownish color is very easily seen and 
that it is not safe to conclude that all free bromine has been 
eliminated, under the conditions of dilution and proportion, 
until this stage of concentration — which corresponds to a 
volume of about 86 cm' — has been reached; but the distil- 
lation should not be pushed beyond the point at which 
the returning color is noted. When this condition was 
reached the solution was cooled, and treated exactly in the 
manner described for the reduction of selenious acid. The 
neutralization by acid potassium carbonate, after the final 
boiling, generally occasioned the precipitation of manganous 
carbonate, but the precipitate did not interfere in the slightest 
with the titration which followed. 

The following table comprises the determinations which 
were made to test the accuracy of the iodometric determination 
of selenic acid by the combined processes of reduction. 



SeOitekMi 
MHsBeO«. 


KIoMd 
inMoood 
rednotion. 


iSaSL 


Srror. 


gnn. 


gnu* 


gnu* 


gnn. 


0.0378 


0.6306 


0.0880 


0.0002+ 


a0378 


0.6643 


0.0874 


0.0004- 


0.0516 


0.7186 


0.0617 


0.0001+ 


0.0603 


0.7302 


0.0608 


0.000&f 


0.0641 


0.6671 


0.0644 


aooo8+ 


0.1007 


1.8277 


0.1011 


0.0004+ 


0.1008 


1.8277 


0.1011 


0.0003+ 


0.1007 


1.2082 


0.1005 


0.0002- 


0.1007 


1.1684 


0.1016 


0.00«9+ 


0.1007 


1.0622 


0.0999 


0.0008- 


0.1009 


1.9679 


01006 


0.0004- 


0.1 oai 


1.1119 


0.1032 


0.0001+ 


0.1870 


1.8720 


0.1879 


0.0009+ 


0.2014 


1.9ftl6 


0.2020 


0.0006+ 


0.2016 


2.0746 


0.2026 


0.0009+ 


0.2060 


1.8687 


0.2064 


0.000&+ 



It is plain, therefore, that selenic acid may be determined 
iodometrically with accuracy by first reducing it to the 
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condition of selenious acid by treatment with potassiiun 
bromide in presence of sulphuric acid, in the manner de- 
scribed, and then completing the reduction to the elementary 
condition by the treatment with potassiiun iodide and 
potassium arseniate. 
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ON THE INTERACTION OF CHROMIO AND 

ARSENIOUS ACIDS. 

By PHILIP B. BROWNINQ.* 

Kkrrler t has shown that arsenioos acid may be determined 
by treating it, in the presence of hydrochloric acid^ with an 
excess of a chromate solution of known strength, by which 
treatment the arsenious acid is oxidized and the chromic acid 
reduced. The excess of the chromic acid is then determined 
by the addition of a ferrous salt of known strength until a drop 
taken from the solution gives a blue color with a f erricyanide. 
Chromic acid is then added i^ain until the blue color disap- 
pears. The amoxmt of the chromate originally used less 
the excess determined by the ferrous salt gives the amount 
of the chromate used for the oxidation, from which may be 
calculated the amount of arsenious acid originally present. 
Despite the use of a ferrous salt and the numerous steps 
involved in the manipulation, Eessler claims very satisfactory 
results for his method. The object of this paper is to give 
the results of some experiments in which Eessler's reaction 
was used for the reverse process, the arsenious acid being used 
in excess, according to the reaction : 

4CrO, + SAsjOs + (-r)A85|Os = 2CrjO, + 3As,0, + (X)As,0, 

For the work, a solution of potassium dichromate was made, 
the standard of which was determined by evaporating definite 
portions measured from a burette into previously weighed 
and counterpoised crucibles, heating just to the melting 
point, and weighing after cooling. A decinormal solution of 
arsenious acid was made in the usual manner, as was also a 



* From Am. Jour. ScL, i, 85. 



t Ami. Ph70. clzzi, 204 (1856). 
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decinormal iodine solution which was standardized frequently 
in course of the work against the arsenious acid. The method 
of manipulation was as follows: Definite portions of the 
chromate solution were measured from a burette into counter- 
poised flasks and weighed, as a check on the burette reading, 
about 10 cm^ of dilute hydrochloric or sulphuric acid (1-4) 
added, and a carefully measured amount of the arsenious 
acid solution — care being taken to have an excess of the 
amount necessary for the reaction. After a few moments 
the reduction seemed complete, the solution having taken on 
the bluish green color characteristic of the chromium salts. 
The application of heat was found to be unnecessary, the 
reaction going on quickly and completely, as it seemed, in 
the cold. The solution was then treated with acid potassium 
or sodium carbonate (about 5 grm.) in excess. At this 
point a precipitate formed unless Rochelle salts had been 
added, as was sometimes the case, to prevent it. To the 
alkaUne solution iodine was added imtil a yellow tinge 
showed it to be in excess, and the solution was allowed to 
stand, with frequent shaking, about one-half hour, at the 
end of which time the excess of the arsenious acid was 
thoroughly acted upon. In order to test the permanency of 
the iodine color in alkaline solution, two experiments were 
made, in the first of which 6 grm. of acid sodium carbonate 
were dissolved in about 100 cm^ of water, and in the second 
the amount of acid generally used (10 cm^) was neutralized 
with the acid carbonate and an excess added, the amount of 
water present being about the same as in the first experiment. 
Starch and a drop of iodine solution were then added. No 
bleaching effect was apparent during two hours. Several 
experiments, made without allowing the solution to stand, 
with the excess of iodine seemed to show that the excess of 
the arsenious acid had not been completely oxidized by the 
iodine. As this took place mainly in those experiments in 
which the precipitate had not been held up by Rochelle salts, 
I am inclined to attribute it to the holding of the arsenious 
acid by the precipitate. After this point in the process had 
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been reached, the excess of iodine was destroyed by the 
addition of arsenious acid, starch was added and the blue 
color obtained with iodine. Ejiowing the amount of arsenious 
acid originally added together with the second amount, used 
to bleach the excess of iodine, also the total amount of iodine 
employed and its value in terms of arsenious acid, we are in 
position to determine the amount of arsenious acid used for 
the reduction ; and, by referring to the reaction given above 
we can calculate the amount of chromic acid originally present 
The use of Rochelle salts had a disadvantage, however, which 
should be mentioned. If the precipitate is held up, the 
solution lakes on a dark green color which makes the starch 
iodide reaction difficult to detect. The presence of the 
precipitate, except for the apparent holding of some arsenious 
acid — a source of error which seems to be largely obviated 
by the standing with the excess of iodine — causes no 
inconvenience, being itself of a very light green color and 
leaving the solution almost colorless. I have tried filtering 
with no gain in convenience, since the precipitate is of a 
gelatinous character and filters very slowly, so that the 
filtration and thorough washing lei^then the process very 
materially. 
The results follow in the table : 



Exp. 



^) 

7) 
8) 

^) 
[10) 

11) 
12) 

18) 

14) 

16) 

16J 

17 



OrOa 



gniL 
0.1001 
0.1005 
0.1006 
0.1004 
0.1009 
0.1002 
0.1011 
0.1007 
0.0401 
0.0402 
0.1001 
0.1009 
0.1007 
0.1006 
0.1004 
0.1000 
0.1006 



OrOtfoond. 



0.1004 
0.1004 
0.1007 
0.1011 
0.1009 
0.1008 
0.1004 
0.1007 
0.0396 
0.0388 
0.1018 
0.1007 
0.1011 
0.1017 
0.1010 
0.1032 
0.1006 



BiTor. 



gnu. 
0.0003+ 
0.0U01- 
0.0001+ 
0.0007+ 
0.0000 
0.0001+ 
0.0007- 
0.0000 
0.0006- 
0.0014- 
0.0017+ 
0.0002- 
0.0004+ 

o.ooia+ 

0.0006+ 
0.0032+ 
0.0001+ 



The iodine acted 20 minates. 

M <« «« 



« 
€» 
U 






U 

2ho!iri. 



« 



Rochelle salts used. 

0.6 grm. ferric alum preaent. 

1 gnn. ferric aloni present. 

Bochelle salts used. 

1 grm. ferric alum present. 
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In three of the above experiments the process was carried 
lihrongh in the presence of a ferric salt with fairly successful 
Tesults. The presence of the brown precipitate, however, 
makes the end reaction rather difficult to determine. If, 
however, the precipitate be allowed to settle after each 
addition of iodine, the color can be detected very readily in 
the supernatant liquid. 

Among volumetric processes of great delicacy this process 
naturally does not find its place. It is, however, interesting 
to know to what degree the reaction may be depended upon 
for analytical purposes. 






A METHOD FOR THE SEPAEATION OP SELENIUM 
FROM TELLURIUM, BASED UPON THE DIFFERENCE 
IN VOLATILITY OF THE BROMIDES. 

By p. a GOOCH aitd A W. PBIBCE.* 

It has been shown m previous articles from this laboratory f 
upon the reducibility of selenic acid by the action of the 
halogen acids, that when small amounts of selenic acid are 
boiled in aqueous solution with potassium iodide and hydro- 
chloric acid, selenium is precipitated, while the iodine set free 
simultaneously may be collected in the distillate, estimated, 
and taken as the measure of the selenic acid originally 
present; that if the iodide is omitted from the mixture, so 
that the hydrochloric acid alone shall be the reducer, the 
reduction proceeds only to the point of formation of selenious 
acid, provided the boiling is not continued after the hydro- 
chloric acid has reached the condition of half-strength at 
which it boils imchanged imder normal atmospheric pressure ; 
and that a solution of selenic acid, potassium bromide, and 
sulphuric acid of regulated dilution and proportions also 
yields under defined conditions selenious acid as the product 
of reduction. When, however, the ebullition of a solution 
of selenious acid in hydrochloric acid is continued after the 
acid has reached the condition of halfHstrength, traces of 
selenium appear in the receiver and connecting tubes, the 
distillate sets free iodine from potassium iodide, and it is 
evident that the selenious acid is undergoing further reduc- 
tion. So also when the boiling of the mixture of sulphuric 
acid, potassium bromide, and selenious acid is pressed beyond 

* From Am. Jour. Sci., i, 181. 

t Am. Jour. Sci., 1, 254, 400, 402. This rolume, pp. 810, 831, 88& 
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t^lie point at which the solution begins to be colored, selenium 
appears in traces in the tube leading to the receiver and the 
distillate liberates iodine from an iodide. Obviously the 
conditions have been at this time reached in the processes 
of concentration when selenium tetrachloride and selenium 
tetrabromide, respectively, are forming from the acid, and 
the appearance of the elementary selenium is due to par- 
tial decomposition of the halogen salts. We have observed 
more recently phenomena of a similar nature (as would 
naturally be expected under the conditions), when aqueous 
solutions of selenious acid, phosphoric acid, and sodium 
chloride are submitted to distillation : that is to say, there 
comes a time in the process of boiUng such mixtures when 
the appearance of elementary selenium and the action of the 
distillate upon potassium iodide make evident the volatilization 
and partial decomposition of the selenium compounds of the 
halogens, and the further continuance of the treatment 
results in the more or less complete removal of the selenium 
compounds to the distillate. From the mixture containing 
the phosphoric acid, selenious acid, and sodium chloride we 
have been able to secure only a partial volatilization of the 
selenium chloride. The transfer of the selenium bromide, 
however, from the mixture of the acids and potassium 
bromide is rapid and complete, and this fact points out a 
possible method for the separation of selenium from sub- 
stances which do not form volatile products under similar 
conditions of treatment Tellurium proves to be such a 
substance, and the work to be detailed has to do with a 
process for the separation of selenium from tellurium, based 
upon the volatility of selenium tetrabromide and the non- 
volatility of tellurium tetrabromide under definite conditions. 
The selenious acid which we used was made by dissolving 
in water a known weight of the white, crystalline, anhydrous 
dioxide prepared from pure selenium by oxidation with nitric 
acid, treatment in solution with barium hydroxide to remove 
selenic acid, and repeated sublimation in a current of oxygen. 
The tellurium was obtained in solution in its lower condition 
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g in potASsium hydroxide a known 
ide (made by oxidizing presiunsbly 
cid and igniting the product at a low 
th phosphoric acid, and ledlssolving 
lat acid the precipitate formed in HiB 

eriments we made use of a form of 
iployed for similar purposes and 
described in former articles from 
the laboratory, viz. : a Voit flask, 
serving as the retort, sealed to the 
inlet tube of a Drexel wash-bottle, 
used as a receiver, the outlet tube 
of which was trapped by sealing 
on WUl and Varrentxapp absorp- 
tion bulbs. Later the apparatus 
was changed to the form shown in 
the accompanying figure by intro- 
ducing a second Voit flask, in 
night be estimated in tlie distillate 

k, V*, were put measured amounts 
ions acid with 20 cm' of syrupy 
i.70), 1 gim. of potassium bnmiide, 
i the entire volume of liquid 50 cm', 
itoined about 15 cm' of water, and 
)n in water. The Drexel bottle and 
u of potassium iodide. A cunent 
issed slowly tlirougb the apparatus 
. and to aid in the transfer of the 
Upon applying heat to the first 
led quietly and without change until 
i decreased to about SO cm*, when 
)gan to deposit in the tube joining 
3. When the volume had further 
n" the liquid began to take on color, 
ved bromine, which at once attacked 
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the selenium previously deposited. The greater part of the 
bromine was absorbed in the second flask, V^ but a trace 
found its way to the Drexel bottle, in which it set free a slight 
amount of iodine from the iodide, as was afterward proved by 
the effect upon starch. As the operation progressed an 
orange-yellow crystalline solid, presumably selenium tetra- 
bromide for the most part, appeared in the tube where the 
selenium had been, while a dark oily liquid, consisting largely, 
no doubt, of the monobromide, condensed in drops upon the 
walls of the flask and returned to form a floating layer 
upon the hot liquid. Finally, when the volume had 
diminished to 15 cm^ the liquid had become perfectly clear 
and colorless, white fumes of hydrobromic acid were evolved, 
and the tube between the two flasks had been cleared. At 
this point the operation was stopped and the apparatus 
allowed to cool. The addition of potassium iodide to the 
contents of the first flask neither Uberated iodine nor precipi- 
tated selenium, and so proved that no reducible compound 
of selenium still remained in that flask. The amount of 
selenium which had been volatilized we determined directiy 
by means of a method worked out in this laboratory and to 
which reference has already been made.* We introduced 
into the second flask, V*, which now contained (beside a 
trace of selenium corresponding to the slight amount of 
bromine which had escaped to the Drexel bottie) the colorless 
selenious acid regenerated by the action of the water and free 
bromine upon the mixed bromides which had distilled, 1 grm. 
of potassium iodide and 5 cm^ of hydrochloric acid and, after 
removing the first flask, V^ and connecting the carbon dioxide 
generator with the inlet tube of V, boiled the solution ten 
minutes while a current of carbon dioxide passed through 
this apparatus. At the end of this time the iodine set free 
by the action of the iodide had been almost completely 
removed to the Drexel bottie, leaving a nearly colorless 
solution containing particles of dense, crystalline selenium. 

* Gooch and Beynolds, Am. Jour. Sd., 1, 254. This Tolume, p. 810. 
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The iodine in the receiver, including of course the small 
amount set free by the bromine which reached the receiver in 
the first stage of the process, together with the small amount 
remaining in the flask, was titrated with sodium thiosulphate 
and taken as the measure of the selenium dioxide acted upon 
originally. In this way we obtained the following results : 



8eOg 
takML 


SeOg oorreoMiid- 

ingtoloauie 

found. 


BRor. 


gnn. 
0.0866 
0.0866 
0.1008 
0.1008 


gnn. 
0.0872 
0.0877 
0.1090 
0.1101 


gnn. 
0.0006+ 
0.0011+ 
0.0008- 
0.0008+ 



It is obvious from these results that the iodine finally found in 
the receiver is actually an accurate measure within reasonable 
limits of the selenium dioxide originally put into V^ and 
volatilized therefrom by the action of phosphoric acid and 
potassium bromide. 

When tellurium dioxide is subjected to similar treatment 
the phenomena are different. The solution containing the 
tellurous acid, potassium bromide, and phosphoric acid, in 
the proportions used in the experiments with selenious acid, 
colors at about the same degree of concentration at which the 
solution containing the selenious acid began to darken. As 
the concentration progresses the color deepens, ruby red 
crystals (probably hydrated tellurium tetrabromide) form, 
which accumulate upon the walls of the flask and turn 
yellow, and when the volume of the solution is diminished 
to 15 cm' a green vapor begins to distiL During the process 
no iodine is set free in the Drexel bottle, and upon stopping 
the boiling we found that the addition of potassium iodide 
to V liberated no iodine, even when the boiling had gone 
so far that a trace of the green vapor had condensed and 
run into the water in the flask. In view of these &cts it 
seemed probable that the process of treatment which we have 
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entire volmne o?!v ^^ ^* ^**^ enough water to make 
contaiaed lo qS^ *^« solution 50 cixi». The second flask, 
were cb&rged >^ °* ^*®''' *^^ *l^e I>rexel bottle and 
<^oxide wBa ja *^ * solution of potassium iodide. Ca: 
boiled. The jrl^!f^®^ through, and the solution in V» 
ments with . jf^*^®^^"^®^* o* ecwslx individual set of ex] 
tn«»fl.z» "^ _t^^ selenioua and tell-urous acids occurred 
wgetner — the* coloring of the liqviid, the evolution of 
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-the following table: 
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KBr 
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H,P04 

(8p. ST. 1.70) 


Flnia 
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8eO, 
takMk 


foima. 


Snor. 


gna. 


gm. 


0m* 


emi 


gnn. 


gnu. 


gflB. 


0.1 




20 


16 


0.0788 


0.0785 


0.0002+ 


0.1 




20 


15 


0.0997 


0.0095 


0.0002- 


0.1 




20 


16 


0.1004 


0.1003 


0.0001- 


0.1 




20 


15 


0.0016 


0.0914 


0.0002- 


0.1 




20 


15 


0.0007 


0.0995 


0.0002- 


0.1 




20 


15 


0.1010 


0.1014 


0.0004+ 


0.1 




20 


15 


0.1016 


0.1008 


0.0007- 


0.1 




20 


15 


0.1019 


0.1022 


0.0008+ 


0.1 




20 


15 


0.1010 


0.1012 


0.0002+ 


0.1 




20 


15 


0.1002 


0.1000 


0.0002- 


0.1 




20 


15 


0.1006 


0.1004 


0.0002- 


0.1 




20 


15 


0.1006 


0.1001 


0.0005- 



Obviously the error of the process, when carefully con- 
ducted and applied to the amounts of mateiial which we 
have employed, is very smalL 
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THE ACTION OF UREA AND SULPHOCARBANI- 
LIDE ON CERTAIN ACID ANHYDRIDES. 

Bt FREDERICK L. DUNLAP.« 

Ik 1882^ Piuttiy* in an article on ** urea and thiourea deriva- 
tives of phthalic acid," showed that phthaluric acid was the 
product of the reaction of urea on phthalic anhydride when 
equal molecules were heated to 110-120'' C. At a higher 
temperature he foimd that the phthaluric acid decomposed 
into phthalimide with the liberation of carbon dioxide and 
ammonia. The two stages in the formation of the imide 
are shown in the following equations: 

^CO .CONHCONHs 

CeH/ >0 + NHsCONHs = CeH^; 

^CO ^COOH 

.CONHCONH, ^CO 

CeH^C =CeH/ >NH + COs + NH,. 

^COOH ^CO 

I have found that the reaction passes directly through both 
stages to the formation of phthalimide if the temperature of 
the mixture of phthalic anhydride and urea be raised at once 
to 150^, the imide thus obtained being nearly pure. 

Phthalimide. — Ten grams of urea (1 molecule) and 26 
grams of phthalic anhydride (1 molecule) were heated in a 
half liter flask, in an oil-bath, until the bath showed a 
temperature of 160^. At this temperature the contents of 
the flask became entirely liquid, and ammonia and carbon 
dioxide were evolved. After heating at this temperature for 

* From Am. Chem. Jour, rriii, 882. 
t Ami. Chem. (Liebig), ccxiy, 20. 
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several minutesY the contents of the flask suddenly solidified. 
The solid contents of the flask were then treated with boiling 
water, to free the phthalimide from any unchanged nrea or 
phthalic anhydride. The phthalimide thus prepared was 
perfectly white and melted without further purification at 
227**. When pure, phthalimide melts at 229'' (uncorrected) 
and upon analysis gave the following results: 

0.2058 gram substance gave 0.4915 gram COt and 0.0656 



gram HsO. 



Oftl co lated for w^^a 

C 65.31 65.12 

H 3.40 3.54 



Obviously, this method is a good one for making phthali- 
mide, as the product obtained is practically pure, and only a 
few minutes are necessary for its preparation. A 90 per cent 
yield was obtained. 

In hopes that a new and general method for the prepara- 
tion of imides could be obtained by the action of urea upon 
anhydrides, this action of urea was studied further upon 
dichlormaleic anhydride, dibrommaleic anhydride and succinic 
anhydride- 

IHcUormdl&inuric Acid. — When a mixture of equal mole- 
cules of urea and dichlormaleic anhydride was heated in a bath 
to TO*', the mixture began to melt When the temperature of 
the bath was raised to 90-95^ and held constant for about five 
minutes the liquid mixture of anhydride and urea solidified. 
This temperature of 90-95® was maintained for twenty 
minutes. The solid product thus obtained was washed witii 
a small quantity of cold water and then recr3rstallized from 
alcohol. It reciystallized from alcohol in transparent prisms 
having truncated ends, and had a melting-point of 158^. 
When this pure product — dichlormalelnuric acid — melts, it 
gives off gas and again solidifies in the melting-point tube, 
remelting at 179®, the melting-point of dichlormaleinimide. 
It is very sparingly soluble in all the ordinary solvents except 
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water, in which it dissolves when heated. Nearly a 60 per 
cent yield was obtained. 

0.1917 gram substance gave 0.2415 gram AgCL 

Oalenlated for v<»,.wi 

CI 31.28 31.16 

Dtchlarmaletnimide, — Five grams of dichlormaleic anhy- 
dride and 8 grams of urea (equal molecules) were heated in a 
flask, the temperature of the oil-bath being raised to 110-116''. 
The contents of the flask were liquid at this temperature, and 
ammonia and carbon dioxide were freely evolved. After 
heating for flfteen minutes at this temperature the contents of 
the flask were allowed to cool, and the solid product washed 
with a small quantity of cold water. One gram of dichlor- 
maleininiide remained after this washing. When pure, the 
dichlormaleinimide melted at 179^, and upon analysis gave 
the following results: 

0.2136 gram substance gave 0.3700 gram AgOl. 

Oalenlftted for v<»»4 

C401,0,NH. '^"™^ 

CI 42.78 42.83 

We have here, in the formation of dichlormaleinimide from 
dichlormaleic anhydride and urea, a reaction exactly similar to 
the one in which phthalimide is formed. The first stage of 
the reaction consists first in the addition of urea to dichlor- 
maleic anhydride to produce dichlormalelnuric acid. 

CIC - CO CIC - CONHCONH, 

II >0 + NHjCONH, = II 

ac - 00 CIC - cooH. 

This dichlormalelnuric acid, upon being heated to its melting- 
point, loses ammonia and carbon dioxide with the formation 
of dichlormaleinimide, 

CIO - COlSTHCONHf CIC - CO 

II = II >NH -I- NHg -I- CO,. 

ac - COOH 010 - 00 
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Dtbrommalnnuric Acid. — A mixtiire of equal molecules of 
urea and dibrommalelc anhydride were heated in an oil-bath, 
When the bath registered 90^ the contents of the flask began 
to melt. The temperature was raised to 100-105°, at which 
point it was kept until the liquid contents of the flask had 
become soHd again. After cooling, this soUd product was 
washed with water and purified by recrystaUization from 
alcohoL When pure it is perfectly white and melts at 191° 
with gas evolution. After melting, the liquid contents of the 
tube resolidified and again melted at 221°, which is 4° low for 
the melting-point of dibrommalelnimide. This low melting- 
point is explained by the fact that the dibrommalelnuric acid, 
upon melting, does not entirely break down into ammonia, 
carbon dioxide, and dibrommalelnimide, as is seen by the 
darkening of the contents of the melting-point tube. The 
presence of impurities would naturally tend to lower the 
melting-point of the dibrommalelnimide. Nearly a 60 per 
cent yield of dibrommalelnuric acid was obtained. It crystal- 
lized in bunches of small prisms having doubly truncated ends. 

0.2117 gram substance gave 0.2512 gram AgBr. 

Oaloolfltodfte —^ - 

0ABr,Er^4. Wvmaa. 

Br 50.63 50.51 

I found this acid to be readily soluble in acetone ; tolerably 
soluble in chloroform and ether ; insoluble in ligroln, benzol, 
carbon bisulphide and water. 

Dibrommalelnuric acid corresponds exactly to dichlorma- 
lelnuric acid, being formed by the addition of urea and 
dibrommalelc anhydride. 

BrC - CO BrC - CONHCX)NH, 

II >0 -h NHjCONH, = II 

BrC - CO BrC - COOH 

Dibrommalelnimide. — When equal molecules of dibromma- 
lelc anhydride and urea were heated up gradually to 135°, the 
mass turned very dark in color, and ammonia and carbon dioxide 
were evolved. After the evolution of gas had ceased, the then 
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solid contents of the flask were extracted with hot alcohol, 
filtered from the insoluble portion, treated with bone-black, and 
then evaporated to small bulk, and the dibrommalelnimide 
allowed to crystallize out. It was further purified by crystal- 
lization from alcohol. No analysis of this dibrommalelnimide 
was made, because its crystalline form, melting-point and 
method of formation were definite enough for identification. 
A twenty-four per cent yield was obtained. 

The formation of dibrommalelnimide from dibrommaleic 
anhydride and urea is exactly similar to the formation of 
dichlormalelnimide when urea and dichlormaleic anhydride are 
used, therefore no new equations are necessary to represent 
this imide f ormatioiL 

Succinimide. — Ten grams of succinic anhydride and 6 grams 
of urea were heated in a distilling-fiask. As the temperature 
rose the contents of the flask melted and, finally, began to 
darken, ammonia and carbon dioxide being freely evolved. 
As the temperature was raised a slightly yellowish distillate, 
boiling above 280°, was obtained. This distillate immediately 
solidified and was further purified by recrystalUzation from 
anhydrous acetone. It had a melting-point of 124° and was 
perfectly white. A 40 per cent yield of succinimide was 
obtained. Upon analysis it gave the following result : 

0.2099 gram substance gave 0.3761 gram COs and 0.1019 
gram HfO. 





Odenltted te 


Voond. 


c 


48.49 


48.73 


H 


6.05 


5.39 



Pike, who first made succinuric acid * states that it melts 
with complete decomposition. In hopes of finding succinimide 
as one of these products of decomposition, succinic acid was 
prepared according to Pike's method, and upon purification 
was found to have a melting-point of 211-211.6°, and not 
208-205°, as Pike gives it. When pure succinuric acid was 
subjected to distillation it acted as did the mixture of succinic 

* Ber. Dtoch. chem. Ges., ri, 1104 
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anhydride and urea. The suooinnric acid melted with the 
evolution of ammonia and carbon dioxide, and turned quite 
dark. A distillate, boiling above 280^, was obtained^ which 
was easily identified as succinimide. 

Having obtained succinimide from succinuric acid, this 
shows us how the succinimide is formed by the action of urea 
upon succinic anhydride. When this mixture is heated 
succinuric acid is first formed. This breaks down at a higher 
temperature with succinimide, carbon dioxide, and ammonia as 
its products. The formation of succinimide is represented by 
the following equations: 

CH,-CO CH, - CONHCONH, 

I >0 + NH,CONH,= I 

CH, - CO CH, - COOH 

CH, - CONHCONH, CH, - CO 
I = I >NH + NHg + CO,- 

CH, - COOH CH, - CO 

Action of Sidphocarbaniltde an Phthdlie Anhydride. 

The action of a substituted urea, sulphocarbanilide, on 
phthaUc anhydride was next studied. It was hoped that a 
diphenylthiophthaluric acid might be obtained in this way, 
and the evidence goes to show that it was formed, but that 
decomposition ensued immediately at the temperature of the 
reaction. I found as product of the reaction at 126-180% 
phthalanilic acid and phenyl mustard oiL The formation of 
the phthalanilic acid can best be explained by the following 
equations : 

.CO 
CeH4C >0 + NHCeH.CSNHCeH, = 

^CO ^CONCeHjCSNHCeH, 

C6H4. 

^COOH 



/ 



CONCeHgCSNHCeHg 



*^COOH ^CONHCeH. 



CeH^C + SCNCeH.. 

^OOOH 
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At 170-175^ phthalamlt caxbonic oxysulphide, and aniline 
are the products. 

Phthalanilie Acid. — Five grams of phthalic anhydride and 
7.7 grams of snlphocarbanilide, equal molecules, were heated 
in an oil-bath untQ the bath showed a temperature of 125- 
180°. The contents of the flask liquefied, and, after a few 
minutes' heating, began to solidify. The heating was carried 
on at 125-130^ for twenty minutes more. During this heat- 
ing a very small amount of carbonic oxysulphide was evolved. 

The solid product was then washed with a small amount of 
cold alcohol and the product thus obtained purified by 
recrystallization from alcohol. The pure product melted at 
169-169.5^, and then gave off gas, resolidifying in the melt- 
ing-point tube, and remelting at 204°, the melting-point of 
phthalanil. The first alcoholic washings contained quantities 
of phenyl mustard oil, which was identified by its boiling- 
point and other properties. After the first treatment witli 
alcohol the product was perfectly white and nearly pure. A 
60 per cent yield was obtained. The phthalanilie acid so 
prepared crystallized from alcohol in small prisms, and upon 
analysis gave the following results: 

0.2090 gram substance gave 0.5366 gram COs and 0.0865 
gram H3O. 

Oaloolftted f or — „„„. 

OuHuO,N. WonA. 

C 69.71 70.03 

H 4.56 460 

Phthalanilie acid is insoluble in benzol and chloroform; 
very sparingly soluble in acetone; insoluble in ligroln and 
ether ; practically insoluble in cold water, but slightly soluble 
in boiling water, from which it separates upon cooling. 

Phthalanil. — Five grams of phthalic anhydride and 7.7 
grrams of sulphocarbanilide were heated upon an oil-bath to 
170-176°. This mixture at first melted, resolidified and re- 
melted with the evolution of carbonic oxysulphide. After 
heating at 170-175** for ten or fifteen minutes the gas evolu- 
tion had practically ceased. After cooling, the product was 
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washed with cold alcohol and practically pure phthalanil was 
obtained. The yield was 98 per cent. 

Phthalanil crystallizes from alcohol in long slender prisms 
and melts at 204^. Laurent and Gerhardt * give its melting- 
point at 208**, and DObner as 205^t 

The first alcoholic washings contain aniline in considerable 
amount. Upon analysis, phthalanil gave the following 
results : 

0.2464 gram substance gave 0.6790 gram CO, and 0.0952 
gram H^O. 

Oaleolatod f or «,«»»• 

CjAOjH. ^^"^ 

C 75.34 75.16 

H 4.04 4.29 

Phthalanil is formed in two ways in this reaction, one of 
which doubtless depends upon the formation of an unstable 
diphenylthiophthaluric acid, which breaks down at the tem- 
perature of the reaction, as follows: 

/CONCeH,CSNHCeH. 
CeH4. = 

^COOH ^CO 

CA^^ >NCt|H. + COS + CeHsNH,. 
^CO 

The second reaction in which phthalanil is formed depends 
upon the production of phthalanilic acid by the action of the 
phthalic anhydride on sulphocarbanilide. The phthalanilic 
acid so formed breaks down, upon heating, into phthaknil 
and water. 

.CONHC,H. ^CO 

CeH/ =C.H4(^ >NCeH, + H,0. 

^COOH ^CO 

The phthalanil seems to be formed mostly according to 
the equation in which carbonic oxysulphide and aniline are 
f by-products. 

I Laurent and Gerhardt | first obtained phthalanilic acid by 

• Jab., 1847-48, 005. t Ann. Chem. (Liebig), ccz, 287. 

I Jab., 1847-48, 005. 
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which was formed as a by-product. It was then heated with 
boiling alcohol, and the difficultly soluble portion filtered oiff. 
Upon cooling, succinanil separated from the filtrate. A yield 
of 90 per cent of succinanil was obtained. The difficultly 
soluble portion had a melting-point of 226^. When pure, 
the succinanil melted at 160^, which agrees with the 
melting-point obtained by Hiibner. * Upon analysis it gave 
the following results: 

0.2043 gram substance gave 0.5156 gram CX)s and 0.1031 
gram HfO. 

68.58 68.84 

H 6.14 5.60 

When succinic anhydride and sulphocarbanilide react at 
180-186% succinanil and the compound melting at 226^ are 
formed, phenyl mustard oil being formed at the same time. 
At this temperature, the yield of succinanil was smalL If, 
however, the reaction is carried on at 160-155^, succinanil, 
carbonic oxjrsulphide, and aniline are practically the sole 
products. The formation of succinanil at this temperature is 
doubtless parallel to the formation of phthalanil from phthalic 
anhydride and sulphocarbanilide. The formation of succin- 
ami may be explained by the foUomng equations: 

CH,-CO 
I >0 + NHC,H,CSimCH, = 

* CH, - CONC,H,CSNHCA 

I 
CH, - COOH 

CH, - C0NC.H,CSNHC3,H, CH, - CO 



1 


= 1 >NC,H, + COS + 


CHjCOOH 


CH,-CO 




U9B4T1M2. 



Succinanilic acid has not as yet been isolated, and I have 
been as yet unable to identify the compound melting at 226°. 

I shall study further the action of urea, sulphourea, sulpho- 
carbanilide, and other substituted ureas upon acid anhydrides. 

• Ann. Chem. (Liebig), cdz, 87a. 
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THE GRAVIMETRIC DETERMINATION OF 

SELENIUM. 

Bt a. w. peirce.* 

The method generally in use for the gravimetric determina- 
tion of selenious acid is to precipitate the selenium with sul- 
phurous acid in presence of hydrochloric acid and to weigh 
the elementary selenium. Precipitation by this method, 
however, is slow and incomplete in many cases, so that it is 
always necessary to treat the filtrate a second time with 
sulphurous acid and to digest for some time. To obviate 
the necessaiy delay in this process, I have tried the effect 
of substituting potassium iodide as the reducer instead of 
the sulphurous acid, adopting the idea from several recent 
volumetric methods for the determination of selenium f in 
which an iodide in acid solution is used to reduce the sele- 
nious acid, and in which the liberated iodine, caught in 
various ways, is titrated and taken as a measure of the 
selenium. 

Varying amounts of selenium dioxide prepared according to 
the method described in former articles, by dissolving pure 
selenium in nitric acid, removing any selenic acid formed by 
barium hydroxide, and subliming in a current of dry oxy- 
gen, were dissolved in Erlenmeyer flasks, and the solution 
was acidified with hydrochloric acid. Potassium iodide was 
added and the selenium was precipitated in the form of a 
led powder. Boiling for ten minutes served to remove most 

* From Am. Jour. ScL, i, 410. 

t Muthman and Schaef er, Ber. Dtsch. chem. Ges., zxri, 1006 ; Gooch and 
Reynolds, Am. Jour. ScL, 1, 254; Gooch and Peirce, Am. Jour. Sci, fourth 
series, i, 81. This Tolome, pp. 888, 848. 
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of the liberated iodine and to change the selenium into the 
black modification, which was collected upon an asbestos felt, 
washed, dried at lOO** to a constant weight and weighed. 
Early experiments showed that for small amounts the process 
gave accurate results, but that for large amounts the errors 
came far too high: 



Exp. 


Be taken. 


Be found. 


KL 


Voliime. 


Kiiui* 




fprnkm 


Hiiii* 


grm. 


cm* 


pm. 


(1) 


0.0356 


0.0356 




100 


0.0001+ 


(8) 


0.0356 


0.0355 




100 


0.0000 


0.0356 


0.0356 




100 


0.0001+ 


^) 


0.2968 


0.8883 




75 


0.091&4- 


(6) 


0.2038 


0.2475 




100 


0.0442f 


(6) 


0.3058 


0.3495 


10 


100 


0.0487+ 



When the selenium amounted to less than a tenth of a 
gram the results came out weU. When the amount was 
larger the selenium aastuned on boiling a paaty molten con- 
dition which made filtering and washing impossible. This 
condition was observed in the work already referred to, and 
the mass seemed to consist of selenium with included iodine, 
as it gave up iodine slowly to water on standing and more 
rapidly to a solution of potassium iodide. 

It has been found in the work to be described that if an 
excess of potassium iodide be used considerably above the 
amount necessary for precipitation, the pasty condition of 
the selenium does not occur, the iodine evidently being held 
in solution by the excess of the potassium iodide. This 
would seem to indicate the total release of the iodine, and 
would make possible the determination of quantities larger 
than the two-tenths of a gram set in the former work as a 
limit for the range of the process. Several determinations, 
which resulted very satisfectorily, were made according to 
the volumetric method thus modified, and at the same time 
the selenium which was precipitated was weighed. By the 
former method, m which the iodine evolved was estimated, 
the results were too low, and by the latter method, in which 
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the residue was weighed, too high ; but there appeared to be 
no definite relation between the errors of the two processes, 
as there would be if the retention of iodine were the only 
difficulty. Digestion of the selenium in the crucible with 
hot water removed a small amount of potassium iodide and 
reduced the error considerably ; so that it was apparent that 
the increase in weight was due to the fact that the precipi- 
tated selenium included potassium iodide from the concen- 
trated solution. 



(7) 
(9) 


SeO, 
Uken. 


BeO. 


KI. 

grm. 
7 

10 
10 


Yolame. 


Snor. 


Beteken 
MBaOi. 


86 fonnd. 


Brror. 


grm. 

0.4870 
0.4980 
0.7828 


grm. 

0.4868 
0.4971 
0.7810 


cm* 
60 
60 
76 


grm. 
0.0002- 
0.0009- 
0.0018- 


grm. 
0.8467 
0.8646 
0.6214 


grm. 
0.8607 
0.8676 
0.6812 


grm. 
0.0040+ 
0.0080+ 
0.0098+ 



Later experiments under similar conditions, excepting that 
the volume of the liquid in which the precipitation took 
place was very much increased, so that the tendency on the 
part of the selenium to include the iodide might be dimin- 
ished, gave errors entirely within satisfactory limits though 
always positive. 



Xip. 


MSeO.. 
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(10) 

(11) 
(12) 

(18) 
(H) 
(16) 


grm. 

0.2868 
0.8189 
0.8818 
0.8798 
0.4262 
0.4480 


grm. 
0.2861 
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0.8824 
0.8806 
0.4269 
0.4484 


grm. 

7 
8 
7 
7 
7 
10 


om' 
900 
400 
600 
600 
860 
460 


grm. 

o.oooa+ 

0.0003+ 
0.0006+ 
0.0007+ 
0.0007+ 
0.0004+ 



It is sufficient to dilute to 400 cm' before acidifying with 
hydrochloric acid and adding potassium iodide to an amount 
about three grams in excess of that actually required. Boil- 
ing for 10 to 20 minutes will change the selenium to the 
black modification and remove most of the iodine. The 
process of precipitation and filtering can be completed in 
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■ 

half an hour. The selenium is dried at lOO"" to a constant 
weight. 

When the selenium occurs in the higher form of oxidation 
the reduction follows the same course, though iodine is not 
liberated until the solution is quite warm; but at the end 
of the usual time of boiling the action is complete. The 
following shows the results obtained by actiDg in the manner 
described on selenic acid. 



BeOstiikMk 
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grm. 

0.1709 
0.1709 
0.8281 
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grm. 

0.1068 
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grm. 
0.1066 
0.1062 
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grm. 
6 
6 
6 
6 


cm* 
600 
876 
860 
600 


gmu 
0.0002+ 
0.0001- 
0.0007+ 
0.0011+ 



Evidentlj this method will not distinguish between sele- 
nious and selenic acids, but it will be found of much value in 
point of time saved in the determination of either separately, 
or of the total selenium in case both occur together. 
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AN lODOMETRIC METHOD FOR THE DETERMI- 
NATION OF CARBON DIOXIDE. 

Bt L K. PHELPS.* 

In a recent pc^r from this laboratoiy.t it has been shoAim that 
carbon dioxide may be estimated with accuiacy by absorbing 
it nnder prescribed conditions in barium hyd^xide, wasU^ 
away the excess of the hydroxide, and converting the precipi- 
tated carbonate to the form of the sulphate. The chief diffi- 
culty in the process was occasioned by the fact that the 
barium carbonate precipitated from cold solutions is so finely 
divided and non-crystalline in character, that the removal of 
the excess of the hydroxide by filtration is a somewhat delicate 
and tedious process. The possibility of taking up by iodine 
the excess of the hydroxide remaining after the precipitation 
of the carbonate, and then determining the excess of iodine 
volumetricaUy, fnmished the incentive to the foUowing ex- 
periments. 

The process as finally developed, consists of three steps: 
first, the evolution of the carbon dioxide and its collection in 
barium hydroxide contained in a partially evacuated flask; 
secondly, the conversion of the excess of the hydroxide to the 
form of iodide and iodate by adding an excess of iodine ; and 
thirdly, the titration of the excess of iodine with standard 
arsenious acid* 

The barium hydroxide solution was prepared for use by fil- 
tering a cold, saturated solution into a large bottle, from 
which it was drawn, or pumped by means of the little impro- 
vised pump described by Kreider ; X in either event care was 

• From Am. Jour. ScL, ii, 70. 
t Am. Jour. Sci., 1, 101. This Tolome, p. 802. 
X Am. Jour. Sd., 1, 132. Thif Tolnme, p. 808. 

24 
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taken to feed the air, which took the place in the bottle of 
the hydroxide removed, through potash bulbs to prevent the 
introduction of atmospheric carbon dioxide. The solution 
of barium hydroxide was standardized by drawing 80 — 90 
cm^ of decinormal iodine into a glass flask, provided with a 
ground-glass stopper carrying an inlet tube reaching nearly 
to the bottom of the flask and an outlet tube to which was 
sealed a Will and Varrentrapp absorption apparatus, and 
then introducing an appropriate amount of the barium hy- 
droxide solution either from a burette or from a stoppered 
funnel which was weighed before and after. An ether wash 
bottle answers admirably for a standardizing flask, and witli 
the glass stopper and its attachments, replaced by a rubber 
stopper, answers the purpose of the absorption flask described 
later. The glass stopper is introduced, the inlet being closed 
by a rubber cap, and the absorption apparatus is charged with 
a solution of potassium iodide, to hinder the escape of iodine. 
The solution was brought to a boil, then cooled and the excess 
of iodine determined by decinormal arsenious acid. It is 
assumed that the iodine lost acted on barium hydroxide 
according to the equation 

6BaOaH, + 61, = Ba(IOt)a + 6BaI, + 6H,0 

It was found necessary to boil the solution because of the 
formation of traces of the hypoiodite, which is broken up into 
iodide and iodate only by boiling, but which, if left un- 
changed, acts subsequently on the arsenious acid used in 
titrating the free iodine. 

The apparatus which I have found most convenient for 
evolving the carbon dioxide from the carbonate consisted of a 
wide-mouthed flask of about 76 cm* capacity, furnished witli 
a doubly perforated stopper carrying a separating funnel for 
the introduction of acid into the flask, and a tube of 0.7 cm. 
internal diameter, which is expanded to a small bulb just 
above the stopper, to carry off the gas. This exit tube was 
joined by a rubber connector to a tube which passed through 
the rubber stopper, closing the absorption flask (the ether 
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wash bottle used in standardizing the barium hydroxide solu- 
tion described above), and which ended in a ^pdve preferably 
of the Kreider pattern.'*' This valye was inclosed in a larger 
tube reaching nearly to the bottom of the absorption flask. 
Through a second hole in the stopper of the absorption flask 
passed a glass tube closed by a rubber connector and screw 
pinch cock. 

In making a determination of carbon dioxide, the carbonate 
was introduced in weighed portions into the boiling flask. 
Barium hydroxide solution, in amount from 7 — 10 cm* more 
than actually necessary to precipitate the carbon dioxide, was 
drawn into the absorption flask, which was then connected 
with the boiling flask as described above. The stop-cock of 
the separating funnel was shut off and the flasks evacuated 
by connecting the exit tube of the absorption flask with a 
filter flask previously pumped out by the water pump, a mer- 
cury manometer registering the pressure. Exhaustion to a 
pressure of from 250-^00 mm. was found sufficient and easily 
attainable with the available water pressure in a minute's time. 
Sufficient phosphoric acid (chosen as a nonrvolatile acid) to 
dissolve the carbonate was introduced into the stoppered fun- 
nel with about 50 cm' of water, which had been previously 
purified from carbon dioxide by boiling until one-third had been 
driven off in steam, and kept in full, stoppered flasks until 
used. The acid was then allowed to enter the boiling flask 
and the carbon dioxide driven over completely to the absorp- 
tion flask by boiling for five minutes — the latter being shaken 
frequently during the passage of the gas into it and kept cool 
by standing in a dish of water. The ataiospheric pressure 
was then restored by admitting purified air through the funnel 
of the boiling flask. In the experimente of Table I, the inlet 
tube of the absorption flask was closed by a rubber cap after 
disconnection, the exit tube was attached to potash bulbs and 
the flask was cooled in a stream of water. The exit tube was 
removed, a capillary tube long enou^ to reach below ttia 
surface of the liquid introduced and decinormal iodine run 

•Locdt 
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in until the large excess of barium hydroxide had been de- 
stroyed. Then the glass stopper of the absorption flask w&a 
introduced, with a rubber cap on the inlet tube and potassium 
iodide solution in the trap, as in standardizing, and the emul- 
sion brought to a boiL Iodine was again run into the hot 
solution through the inlet tube until the color remained dis- 
tinctly red after a second boiling. After cooling, the excess 
of iodine was determined by standard arsenious add. 

TABLE L 
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0.0600 


0.2881 


0.1606 


0.0224 


0.0004+ 


0.0006+ 


0.1022 


0.8416 


0.1676 


0.0447 


0.0008- 


0.0001- 


4) 


0.1026 


0.8106 


0.1861 


0.0460 


0.0001- 


0.0000 


6) 


0.2082 


0.6181 


0.2692 


0.0896 


0.0002+ 


0.0004+ 


(« 


0.2049 


0.6761 


0.2228 


0.0908 


O.OOO&f 


0.0008+ 


(7 


0.6088 


1.1801 


0.2606 


0.2282 


0.0007- 


0.0000 


(8 


0.6015 


1.0604 


0.2246 


0.2197 


0.0010- 


0.0008- 


(0 


1.0082 


2.0126 


0.8004 


0.4894 


0.0020- 


0.0006- 


(10) 


1.0064 


2.0702 


0.8688 


0.4406 


0.0028- 


0.0009- 



In experiments 7, 8 and 9, the barium hydroxide solution 
was estimated by weight — in the others by volume. The 
calcium carbonate used was Iceland spar in the form of chips, 
but, though it was the best material available and considerably 
better than the best commercial calcium carbonate at hand, 
the test of drying below red heat and the igniting to the 
condition of caustic lime with a blow-pipe, proved it to be 
slightly deficient in carbon dioxide. The observed correction 
of .0014 grm. for each gram of the carbonate is applied in the 
last column of the table. 

The low results of the larger amounts of carbon dioxide, 
in contrast to the higher results of the smaller amounts, point 
to some action of the iodine upon the precipitated carbonate. 
It would be natural to suppose that such action would be 
greater upon the carbonate precipitated from a cold solution, 
and this proved to be the case. For when barium carbonate. 
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piecipitated under the conditions of the analysis described, 
was treated with 10 cm^ of iodine and boiled again, a loss 
of 0.0044 gnn. of iodine (corresponding to 0.0008 gnn. of 
dioxide) was found ; but when barium carbonate was prepared 
by passing carbon dioxide through a cold solution of barium 
hydroxide until the presence of the acid carbonate was proved 
in solution by filtering a portion and boiling — thus insuring 
the complete destruction of the hydroxide — the precipitated 
carbonate, after filtering and washing, was acted upon by 
10 cm^ of iodine solution to such an extent that 0.0253 gnn. 
of iodine (corresponding to 0.0044 grm. of carbon dioxide) 
disappeared. The obvious inference is, therefore, that the 
carbonate should be boiled before the addition of iodine in 
the process. 

TABLE n. 



Szp. 


CftCO. 


B»0A 


BftOA 
found. 


CO, 

found. 


Srror 
ooGOg 


Correotod 
Error. 


(2) 


gnn. 
0.6023 
0.6056 
1.0011 
1.0080 


gnn. 
1.1886 
1.1414 
2.0712 
1.8788 


gnn. 
0.2861 
0.2801 
0.8704 
0.1736 


gnn. 
0.2100 
0.2211 
0.4367 
0.4376 


gnn. 
0.0020- 
0.0014- 
0.0088- 
0.0087- 


grm. 

0.0000 

0.00064- 
0.0002+ 

0.0008+ 



The experiments of Table 11 were made like those of Table 
I, excepting in the following points : first, an ordinary flask 
of about 800 cm* capacity, which fitted with a rubber stopper, 
was substituted for the more expensive ground stoppered 
absorption flask; secondly, the precipitated carbonate was 
boiled before adding any iodine ; and thirdly, after iodine was 
added to a yellow color and boiled, a second amount of iodine 
was run in to a red color, but the mixture was not boiled 
again. By this treatment the iodine is kept from acting on 
the precipitated carbonate, at least to such an extent that 
the action is not appreciable, and from attacking the rubber 
stopper used ; incidentally, it is kept from entering the trap, 
but one is used, nevertheless, to prevent contamination from 
the outside air. A separating funnel, reaching below the 
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surface of the liquid, was found a conyenient means of intro- 
ducing the iodine without loss into the hot solution. A 
higher vacuum is required when the smaUer flask is used, 
especially when large amounts of carbon dioxide are to be 
determicudd. A pressure of 200 mm. of mercury was found to 
be sufficiently low, and in no case did a flask of ordinary 
thickness and of 800 cm^ capacity collapse at that degree of 
exhaustion. 

The calcium carbonate used in this test of the smaller 
apparatus was the purest commercial article available; the 
error applied as a correction in the last column (0.0040 grm. 
on carbon dioxide for a gram of carbonate) was determined 
by five closely agreeing analyses of various amounts in the 
larger' apparatus. 

The process, besides being delicate, is fairly rapid — the 
average time for a determination being about three-quarters 
of an hour. 



LIV 

THE lODOMETRIC ESTIMATION OP 
MOLYBDIC ACID. 

Bt F. a. GOOCH and CHAKLOTTE FAIRBANKS.* 

L The Digestion Method. — Mauro and Danesi have shownf 
that under carefully regulated conditions, hydrochloric acid, 
potassium iodide and a soluble molybdate interact so definitely 
that the iodine set free from an excess of potassiimi iodide 
may be taken as a measure of the molybdic acid, assuming 
that every molecule of molybdic acid sets free an atom of 
iodine. They explain this action by the equation : 

2MoO, + 4HI = 2MoO,I + I, + 2H,0. 

These results are obtained by acting upon a soluble molybdate 
contaming from 0.1 to 0.6 grm. of molybdic acid with 1.6 grm. 
of potassium iodide in 1.6 cm' of water and 2.6 cm' of strong 
hydrochloric acid, in an atmosphere of carbon dioxide, the 
whole being heated an hour and a half in a sealed tube. The 
authors point out that with prolonged heating the action 
proceeds a little farther, and in the cold, under conditions 
otherwise similar, not quite so far as the theory of the equation 
would indicate. 

Upon following out exactly the directions of Mauro and 
Danesi we obtained results similar in general to theirs. The 
digestion in sealed tubes under the conditions indicated gave 
results closely comparable with theirs, and these were in fairly 
good accord with the theory of the reduction. Our results 
obtained by digesting in the cold and in small voliunes for a 
long time, according to the second method of Mauro and Danesi, 
were not equally favorable, and these results, as well as those 

* From Am. Jour. Sci., il, 166. t Zeitschr. anal Chem., xz, 607. 
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obtained by vaiying the treatmenty indicated an increasing 
difficulty in the reduction of the moljbdic acid as its amount 
increased. As will be seen from the table, the method of 
Mauro and Danesi was varied in two ways : instead of only 
treating in small volumes (4 cm^ at 100** C, we used larger 
volumes (20 cm^ to 80 cm^) at 100° C. with weaker acid and 
smaller amounts of the iodide ; and instead of the treatment 
in the cold of only small volumes (4 cm*), large volumes (60 
cm* to 100 cm* with stronger acid were used. 

The explanation of these experimental results we were 
inclined to believe lay in a tendency on the part of the iodine, 
set free in the process, to reverse the action. If this is so, the 
obvious remedy should be f oimd in the removal of the iodine 
from the sphere of action, and this idea led us to experiment 
upon a process of distillation in which the iodine should be 
collected and estimated in the distillate ; but before our work 
was completed, Friedheim and Euler published* the results of 
their investigation along the same line. 

n. Distillation Proces9. — These investigators have shown 
that if molybdic acid is treated with potassium iodide and 
hydrochloric acid, one atom of iodine is distilled for every 
molecule of molybdic acid present. The process according to 
their directions consists in treating in the Bunsen apparatus 
from 0.2 to 0.8 grm. of a soluble molybdate, or molybdic acid 
dissolved in sodium hydroxide, with 0.6 grm. to 0.75 grm. of 
potassium iodide and enough hydrochloric acid (sp. gr. 1.12) 
to two-thirds fill the flask. The solution is warmed for some 
time and only heated to boiling when the flask is wholly filled 
with the heavy vapor of iodine. It is boiled until no more 
iodine is visible and the liquid is of a clear green color. The 
iodine, collected in a receiver previously charged with a 
solution of potassium iodide, is then titrated with a standard 
thiosulphate solution. Results, varying between 0.08 per cent 
and 1.1 per cent on amounts, ranging from 0.2 grm. to 0.4 
grm., of the molybdic acid present, were obtained by them. 

Our experience fully confirms the usefulness of the method 

* Ber. Dtsch. chem. Get., zzriii, 2066. 
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hold a solution of potassium iodide kept cool by immersion of 
the flask in cold water. 

Before making the test experiments, a stream of the purified 
carbon dioxide was passed through the whole apparatus for 
some minutes and the stopcock in the funnel was closed. 

Ammonium molybdate, from 0.1 to 0.4 grm., dissolved in 
10 cm* of boiled water, was put in the stoppered funnel and 
almost all of it allowed to run into the first flask. It was 
necessary that a few drops be left in the funnel or the liquid 
to follow would carry down bubbles of air. This precaution 
is necessary to the attainment of good results. Ten cubic 
centimeters of boiled water containing 0.5 grm. of potassium 
iodide were introduced similarly, and finally 20 cm* of strong 
hydrochloric acid (sp. gr. 1.20). Before the acid was allowed 
to run in wholly, the stoppered funnel was again filled with 
carbon dioxide and finally left connected with the generator 
so that carbon dioxide might be passed into the apparatus at 
any time. 

The liquid in the first flask, which at that time held the 
ammonium molybdate, 0.5 grm. of potassium iodide, 20 cm' 
boiled water and 20 cm* of hydrochloric acid (sp. gr. 1.20), 
was boiled until the volimie decreased to 25 cm*. Under these 
conditions we do not find it necessary to digest the mixture 
before boiling. The iodine in the second and third flasks was 
titrated with standard thiosulphate. 

The ammonium molybdate which we used in all the experi- 
ments was prepared by twice recrystallizing presimiably pure 
molybdate. This salt was proved to contain 81.55 per cent of 
molybdic acid by the fact that a given weight of the molybdate 
was found to liberate 81.55 per cent of the amount of iodine 
set free by the same weight of pure molybdic anhydride 
dissolved in sodium hydroxide and treated similarly. 

We have found it to be a matter of importance that the 
potassium iodide present shall never exceed the theoretical 
requirement by more than half a gram ; otherwise the reduc- 
ing action on the molybdic acid will be forced too far. When 
the amount of molybdic acid present is less than 0.8 grm. 
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it is safer to restrict the potassium iodide used to half a 
^rani* 



moljbdate takan. 


KL 


MoO^fODnd. 


Snor* 


pnn. 


gnu. 


pnn. 




0.2586 


0.6 


0.2680 


0.0005- 


0.2906 


0.6 


0.2991 


0.0004- 


0.2524 


0.6 


0.2513 


0.0011- 


0.2446 


0.6 


0.2457 


0.0011+ 


0.2903 


0.6 


0.2914 


0.0011+ 


0.2798 


0.6 


0.2808 


0.0010+ 


0.2656 


0.6 


0.2663 


0.0007+ 



MoO«diMolT«d 
InHftOH. 


KI. 


MoOafoand. 


Srror. 


grm. 
0.2273 
0.2052 
0.8474 


gm» 
0.6 
0.6 
0.6 


grm. 
0.2281 
0.2062 
0.8467 


o.oooa+ 

0.0010+ 
0.0007- 



HI. Reoxidation Proeen. — It was noticed during our 
experiments upon the method of Mauro and Danesi, as has 
been remarked preyiousl j, that large amounts of iodine in the 
digestion flask seemed to react upon the reduced product. In 
the process of Friedheim and Euler, too, it was discovered 
thaty when the iodine which had collected in the second flask 
was drawn back into the first flask and mixed with the hot 
reduced product, the iodine found by titration was deficient in 
amoimt. It was found also that small amounts of standard 
iodine, introduced into the flask containing the reduced 
molybdic acid in an atmosphere of carbon dioxide, vrere 
absorbed slowly when this mixture was heated. This slo^w 
disappearance of the iodine in acid solution suggested the 
possibility of effecting the complete oxidation of the reduced 
molybdic acid in an alkaline solution, containing a tartrate or 
other salt of an organic acid to prevent precipitation. Several 
experiments were made in this direction upon the residues left 
in the process of Friedheim and Euler, the distillate having 
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been titrated as usual with sodium thiosulphate to make sure 
that the reduction had proceeded properly. These residues 
were treated in each case with 1 grm. of tartaric acid, 
neutralized by acid sodium carbonate and left standing for 
an hour or two with an excess of standard iodine. Upon 
determining, by means of standard arsenious acid, the iodine 
left over, it was found that the amount of it which had 
disappeared corresponded very closely with that set free in 
the distillation, which is of course the same as that necessary 
to reoxidize the molybdic acid completely. 

The conditions necessary to complete oxidation being known, 
experiments were made to see whether the process could not 
be successfully carried on in an open flask. Naturally under 
these conditions the air present must, as in the previous 
experiments, tend to set tree some iodine at the outset, but, 
inasmuch as the hydriodic acid gradually diminishes in 
strength as the molybdenum is reduced and all iodine is 
ultimately driven from the flask, which is filled with steam 
during the boiling, it seemed possible that the danger from 
the action of atmospheric oxygen might be so far reduced as 
not to interfere essentially in the estimation of the molybdenum 
in the residue, provided the contents of the flask is diluted 
and cooled at the end of the boiling. Ammonium molybdate 
containing from 0.1 to 0.8 grm. molybdic acid, 0.5 grm. of 
potassium iodide, 20 cm^ of water and 20 cm^ of hydrochloric 
aeid (sp. gr. 1.20) — the same proportions as those used in 
the process of Friedheim and Euler — were put into a 100 cm* 
flask or narrow-based Erlenmeyer, and boiled from a total 
volume of 40 cm* to exactly 25 cm', a point carefully marked 
on the flask. At this point of concentration, tests, repeated in 
many cases, have shown no free iodine in the reduced solution. 
If the solution is boiled below 25 cm*, there is a tendency for 
the reducing action to go too far. 

The residue was diluted at once, neutralized with acid 
sodium carbonate, and treated with an excess of standard 
iodine. 

For a trap to prevent loss during boiling, a two-bulbed 
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calcium chloride tabe, cut off as shown in the figure four 

centimeters below the larger bulb, was fitted loosely inside 

the neck of tiie flask. Too violent boiling was prevented by 

the addition of two or Uuee small pieces of 

pumice stone. While still acid tlia reduced 

solution, diluted and contfuning at tliis time 

little hydriodic acid, is not appreciably reoxid- 

ized in the ur for some time ; but when once 

made alkaline, it is veiy easily changed. 

Therefore the iodine for reoxidation must eitlier 

be added before the solution is made alkaline 

~ ,. or great care must be taken while neutralizing 

to stir the solution as little as posmble and to 

draw in the iodine immediately. Less chance for error is 

introduced if the reduced solution is put, with an excess 

amounting to at least 8 cc. of decinormal iodine and with a 

gram of tartaric acid, to prevent precipitation, in a liter flask, 

corked and then neutralized with acid sodium carbonate. 

The fiaak is fitted with a paraffined rubber stopper, carrying 

a funnel vrith a stop-cock for introducing the acid sodium 

carbonate and a Will and Varrentrapp trap for catohing in a 

solution of potassium iodide any iodine tiirown off during the 

efferveacence. In some of the test experiments normal potas- 

simn carbonate, as causing less effervescence, was substituted 

iw the acid sodium carbonate during the fiiBt part of the 

neutralization ; the solution, however, must always finally be 

made alkaline with the acid carbonate. 

The simpler method of neutralization is to put the reduced 
solution and a gram of tartaric acid in a liter flask, adding 
enoi^h Boditim hydroxide to nearly neutralize the solntion, 
and finally making the solution surely alkaline with acid 
sodium carbonate. An excess of the standard iodine must 
be drawn in at once or atmospheric oxidation will take place 
and the error of the process be great. 

If the solution has been properly neutralized according to 
either method, the iodine color should perceptibly &de within 
fifteen minutes, but for complete oxidation the tr^ped or 
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corked bottle should be set aside out of sunlight for an hour 
and a half or two hours. The iodine which was not used for 
reoxidation was then titrated with a standard arsenic solution. 
Since there is a slight tendency, especially when sodium 
hydroxide and acid sodium carbonate are used for neutraliza- 
tion, toward the formation of a little iodate, it is wise 
to acidulate the solution in each case slightly with dilute 
hydrochloric acid and then to determine by sodium thiosul- 
phate the iodine which has taken the form of iodate. The 
ratio 126.85 : 144 expresses the relation of the total amount 
of iodine used in the reoxidation process to the calculated 
amount of molybdic acid present. The table given below 
shows the amount of molybdic acid taken in the form of 
ammonium molybdate and the molybdic acid found calculated 
from the iodine used in reoxidation. 



MoO«M 
moljbdate. 


KL 


MoO. 
foono. 


Snor* 


HeofenUMdbj 


grill* 




grm. 


grm. 




0.1640 


0.5 


0.1639 


0.0001- 


K,CO, + NaHCO, 


0.1602 


0.5 


0.1681 


0.0011- 


« « 


0.1666 


0.5 


0.1661 


0.0005- 


M a 


0.1517 


0.5 


0.1517 


0.0000 


NaHCO, 


0.2580 


0.5 


0.2537 


0.00074- 


<« 


0.1686 


0.5 


0.1637 


0.0001+ 


« 


0.1702 


0.5 


0.1702 


0.0000 


« 


0.1520 


0.5 


0.1518 


0.0002- 


« 


0.1642 


0.5 


0.1652 


0.0010+ 


« 


0.4560 


0.75 


0.4560 


0.0000 


u 


0.1600 


0.5 


0.1683 


0.0007- 


NaOH + NaHCO^ 


0.0507 


0.5 


0.0519 


0.0012+ 


«« « 


0.1663 


0.5 


0.1666 


0.0003+ 


« « 


0.0101 


0.5 


0.0095 


0.0006- 


a « 


0.1639 


0.5 


0.1632 


0.0007- 


a M 


0.1636 


0.5 


0.1625 


0.0011- 


« « 


0.0607 


0.5 


0.0510 


0.0008+ 


« « 


0.1685 


0.5 


0.1683 


0.0002- 


M « 


0.1514 


0.5 


0.1512 


0.0002- 


« m 


0.1649 


0.5 


0.1646 


0.0008- 


u « 




Ayerage 


error in the e 


zperimentt, — C 


1.0001 gram. 



The results given in the foregoing table show that molyb- 
dic acid can be determined with accuracy and convenience 
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by boiling it with hydrochlorio acid and a small excess of 
potassium iodide to a definite concentration in an ordinary 
flask, then neutralizing the residue with acid sodium car^ i 

bonate, and reoxidizing the reduced molybdic acid with 
standard iodine. 
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LV 

ON THE EXISTENCE OP SELENIUM MONOXIDE. 

Bt a. w. peibcb.* 

It was Berzelios's idea that the odor of decayed cabbage 
which is noticed when selenium is burned in air is due to the 
formation of a gaseous lower oxide of selenium which he 
called the monoxide. The same oxide is said to be formed 
when selenium sulphide is dissolved in an insufficient amount 
of aqua regia, in the distillation of a mixture of selenium 
and selenium dioxide, and in the action of sulphur upon 
selenium dioxide. 

Saccf records his inability to obtain such an oxide, and 
attributes the odor which is noticed under these conditions 
to a trace of selenium hydride. A very minute trace of the 
hydride is sufficient to develop a very considerable odor, and 
traces of moisture may be enough to produce a perceptible 
odor of the hydride when the conditions are &vorable to 
action upon the elementary selenium. When selenium bums 
in air, or when its sulphide is oxidized by aqua regia, moisture 
is inevitably present, and when selenium dioxide is reduced 
by sulphur or intennixed with elementary Belenium its ex- 
tremely hygroscopic character implies the presence of traces 
of water. 

It has been a generally accepted opinion of late that the 
selenium monoxide does not exist, but more recentiy, in work 
upon certain organic compounds of selenium, Chabri£ has 
been led to the idea that the monoxide does exist and that 
it is a solid body. Chabri£ states^ that when selenium is 
heated in air it tends to increase in weight. At lOO"" C. the 

* Ph>m Am. Jour. ScL, ii, lOS. t Ann. Chim. m, ud, 110. 

X Ann. Chim., VI, xz, 273. 
26 
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increase is said to be inappreciable, but at 180*" C. it ap- 
proaches very nearly to the limit corresponding to the f onna- 
tion of the selenium monoxide, SeO. Further he says that 
this increase in weight when the selenium is heated to ISO"" 
cannot be due to the formation of the dioxide, since that 
compound^ if it were formed, could be seen as a crystalline 
deposit; or if the temperature is too high to allow it to 
deposit, a loss of weight would result. He is so sure of the 
increase that, were it not for the fact that the monoxide has 
not been generally recognized, he would 'suggest as a possible 
means for the determination of selenium to heat it to 188" 
and estimate it as SeO. The selenium with which Chabri^ 
obtained these results was reduced by acting with sodium 
sulphite and hydrochloric acid upon the product of oxidation 
of certain organic compounds of selenium of the aromatic 
series by means of nitric acid, and filtering on glass wooL 
The product when dried quickly at 100° gave results in 
accord with liis theory of the constitution of the compounds, 
coimting the selenium dried at 100° as existing in elementary 
form. Thus: 





I. 


n. 


in. 


8e iomid 


0.0347 


0.0680 


0.0406 


Se by theory 


0.0349 


0.0678 


0.0414 



0.0002- 0;0002+ 0.0008- 

In other analyses of the same compounds, in which the 
selenium was dried at 180° instead of at 100°, the weight of 
the selenium was so much greater as to suggest the idea that 
the element had oxidized to the condition of the monoxide. 

Thus: 





L 


n. 


in. 


IV. 


SeO (?) found 


0.0301 


0.0526 


0.0523 


0.0517 


SeO by theory 


0.0301 


0.0517 


0.0504 


0.0498 



0.0000 0.0008+ 0.0019+ 0.0019+ 

Had Chabri^ actually found that the same identical sele- 
nium determined by drying to a constant weight at 100**, did 
actually increase in weight at 180° to a constant amonnt 
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eonesponding exactly to what the weight should be were the 
monoxide formed, the evidence of such oxidation would be 
good. What Chabii^ did« however, was to show that when 
the selenium from one sample of his compound was dried at 
100^ and regarded as elementary selenium, the amount of it 
found corresponded to his theory of tibe composition of his 
compoimd; while to harmonize the results of analysis with 
the demands of the theory, when the selenium from another 
sample of the same preparation was heated to 180^ it became 
necessary to assume that the selenium had been oxidized to 
the condition of the monoxide. Moreover, it has been shown 
very recentiy by Krafft and Kaschau * that the compo^tion 
and constitution given by Chabri^ to some, at least, of his 
lu^anio compounds of selenium cannot be sustained. It has 
fleemed to be desirable, therefore, to put the question of the 
oxidation of selenium at 160^ to the direct test. 

I have dried seleniiim to a constant weight at 100^ C. and 
then have heated it to 180'' C. for various periods of time, 
and in no single case have I observed the slightest increase 
in weight. In the following table are the results of these 
experiments. In every case the selenium was taken originaUy 
as the dioxide, prepared as described in previous articles, and 
precipitated in some cases with sulphurous acid, in some 
instances with potassium iodide, dried to a constant weight 
at 100'' and then heated to the temperature and for the 
periods indicated below: 



fcp, 


Bafoondaft 
100». 


Tsmpenton. 


Tfana. 


Wei|^ 


Loo. 




I^m* 




hoan. 


fpok» 


gm» 


a) 


0.08M 


IIOO 




f 


t>.080(^ 


0.0006 






180® 




f' 


0.0348 


00002 


(2) 


0.0866 


110«> 




. 1 


0.0860 


0.0006 






\W> 




f 


0.0847 


0.0008 






)60o 




^ 


0.0846 


0.0001 


{^ 


0.0676 


180O 


S 


f 


0.0646 


0.0080 


(^ 


0.0676 


ISOo 


a 


f 


0.0668 


0.0018 


¥i 


0.8824 


180O 


2 


0.8866 
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* Ber. Dttch. chem. Get., xxix, 428. 
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A diying tube with ground-in stopper was, therefore, 
sealed to a smaller tube carrying a bulb filled with ignited 
asbestos. The selenium was weighed and introduced upon 
an asbestos felt into the larger tube and the whole was 
carefully weighed. 

The larger tube was heated in the air bath, while aur was 

dra^ini through the tube in the direction of the bulb of 

asbestos, which was outside the bath and cooL Selenium 

volatilized as before, yeiy evidently, as far as the asbestos 

in the bulb, where it was caught. On cooling and weighing 

the tube and contents, absolutely no change of weight was 

observed. This shows that no gaseous product is formed to 

occasion the loss, but that the decrease of weight in the 

former experiments was due to the volatilization of the 

selenium itself. 

Thus I am unable to duplicate the results of Chabri^ in 
this matter, although I have followed his method of treatment 
so &r as it is described. The only difference apparent is in 
the source of the selenium — in this work the dioxide of 
known purity with which much exact work has recently been 
done, and in Chabri^'s work the oxidation product of certain 
organic compounds. I fail to see, however, how this differ- 
ence in origin can affect the sensitiveness of the selenium with 
refeience to the oxidizing action of the air. 

Having thus been unable to obtain the monoxide in the 
solid state, I have made some experiments upon the oxidation 
of selenium by heating it in mixture with the dioxide under 
such conditions that the existence of a gaseous product, such 
as Berzelius describes it to be, would be noted, even if it 
were fonned in yeiy smaU amount. 

A hard glass tube of convenient size, about 2 cm. in diameter 
and 65 cm. in length, was washed and dried most carefully and 
sealed at one end. Through the open end were introduced 
0.0247 gim. pure selenium dioxide, freshly prepared and 
scrupulously protected against moisture, and 0.0250 gnn. 
poTTdered selenium. The open end was then drawn out in 
such a way that attachment could easUy be made to an air 
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pomp and an interyening portion of the tube constricted so 
as to be easily sealed later* The end was attached to a mer- 
cury air pump and the pressure reduced to 4 mm. By iq>- 
plying a flame to the constricted part the tube was sealed 
in that condition. The tube was heated gradually in a 
small combustion furnace until the whole contents were 
vaporized, maintained in that condition some minutes and 
then cooled. At every opportunity of lower temperature the 
selenium vapors would condense into dark metallic drops 
which ran into larger and larger drops, like mercury globules,, 
seeming to separate from the dioxide vapors. This treatment 
was repeated six times at intervals, the contents of the tube 
showing each time the same phenomena of sublimation and 
condensation. Nothing was observable at any time to indicate 
chemical change in either substance, each maintaining the 
characteristics of its own sublimation^ 

Finally the air pump was again attached and allowed to 
work until the manometer roistered no pressure. Upon 
breaking the «id of the tube by pinching it inade the rubber 
connector, the height of the mercury column indicated the 
same pressure as when the tube was originally sealed. When. 
disconnected the tube possessed not the slightest odor. 

This experiment was repeated with the sole modificatioii 
that the heating was not carried to a. tempemture so hi^iy 
and this time 0.0780 gim. freshly prepared dry selenium 
dioxide and 0.0780 grm. powdered selenium were sealed up 
in the evacuated tube and heated for seven hours at 180^ C^ 
and finally for one hour at 200°. Upon breaking the tube 
imder conditions similar to those of the previous experbneitt 
the contents showed no pressure and possessed no odor. Obvi- 
ously no gaseous product was formed imder these conditioiiB. 

I have thus been unable to find evidence of the existence of 
seleniimi monoxide, either gaseous or solid, and my experience 
goes to show that the peculiar smell attributed by Berzelius. 
to the monoxide is only developed, as Sacc found, ^wlien 
selenium is heated in presence of moisture, and that a mere 
trace of moisture is sufficient to produce the odor. 
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AN lODOMETRIC METHOD FOR THE DETERMI. 
NATION OF PHOSPHORUS IN IRON, 

Bt CHABLOTTB FAIBBANKa* 

A KBCENT paper from this laboratoryf showed that iiKdybdic 
acid was reduced by hydriodic acid to the condition of oxida- 
tion represented by the symbol MOfOc in acid solution, while 
in an alkaline solution the reduced product was reoxidized by 
standard iodine. 

In acid solution, 2MoO, + 2HI = Mofi^ + It + HgO. 
In alkaline solution, Mo«Os + It + HgO = 2MoOt + 2HI. 

These reactions obviously present the possibility of develop- 
ing a method for the determination of phosphorus in the 
phospho-molybdates. 

The very careful work of Blair and WhitfieldJ shows con- 
clusively l^t the ammonium phospho^nolybdate^ precipitated 
under tlie conditions ordinarily prescribed for the determinar 
tion of phosphorus in iron or iron ores is of definite consti- 
tation. They find that 24MoO„ P.O,, 8(NH4)sO, 2H,0 
expresses the composition of this phospho-molybdate, which 
therefore contains 1.794 parts of phosphorus to every 100 
parts of molybdic anhydride. 

TMs being the case, it is plam that if advantage can be 
taken of the &ct that the amount of iodine necessary to reoxi- 
dize reduced molybdic acid is large, as well as of the &ct that 
the amoimt of molybdic acid compared to the phosphorus 
contained in the phospho-molybdate is also large, a method 
of great theoretical accuracy should result. 

I have experimented with a process which consists essen- 

• From Am. Jour. Sci., ii, 181. 

t Gooch and Fairbanks, Am. Jour. ScL, ii, 166. This Yolnme, p. 875. 

t Jour. Amer. Chem. Soc., xrii, 747. 
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tially in treating the ammonium phospho-molybdate, produced 

by the accepted methods of iron analysis, with potassium \ 

iodide in the presence of strong hydrochloric acid and under 

carefully regulated conditions; in neutralizing the residue 

thus obtained by acid sodium carbonate; and in reoxidizing 

the reduced molybdenum compound to the condition of molyb- 

dic acid by titration with iodine. 

The directions prescribed by Blair and Whitfield for making 
the ammonium molybdate solution were followed: 100 grams 
of molybdic anhydride are intimately mixed with 400 cm* of 
distilled water and 80 cm* of strong ammonia, and after filter- 
ing this liquid is poured into a mixture of 800 cm* of nitric 
acid (1.42 sp. gr.) and 700 cm* of water. This solution, it is 
said, practically remains unaltered for months ; but it is much 
safer to filter each day the portion to be used. 

In order to obtain a standard solution of phosphorus, 1.2 
grams of microcosmic salt were dissolved in one liter of water 
and 50 cm* of this solution were evaporated, and the residue 
ignited and weighed as sodium metaphosphate. 

Iron free from phosphorus, for admixture with known 
amounts of phosphorus in the test experiments, was prepared 
by igniting ferrous oxalate. The oxalate was precipitated by 
oxalic acid from ferrous sulphate dissolved in warm water. 
The precipitate was then thoroughly washed with cold water, 
dried and ignited. 

The ferric oxide thus obtained was dissolved in hydrochloric 
acid, evaporated to dryness, and dried on a hot plate. The 
ferric chloride was treated with nitric acid and the solution 
evaporated twice. In this way all but a trace of the chloride 
was destroyed. 

Since in the ordinary determination of phosphorus in iron, 
potassium permanganate is added, as Drown says,* to insure 
the complete oxidation of the phosphorus to the orthophos- 
phoric acid, it seemed best to make sure that this treatment 
was not detrimental in the process to follow. Enough perman- 
ganate was therefore added in my experiments to distinctly 

* Trans. Am. Inst Min. £ng., xriii, 93. 
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color the already boiling solution of ferric nitrate, and then 
a little tartaric acid was used to clear the solution. 

As too much free acid prevents the full precipitation of the 
ammonium phospho-molybdate, the ferric nitrate solution was 
tireated with ammonia until a precipitate or the ruby wine color 
appeared. Then dilute nitric acid was added until the color 
of the solution was a clear amber. CreneraUy four or five 
grams of ferric oxide were used in each determination. 

The ferric nitrate and phosphorus solutions, in volume not 
less than 150 cm^ nor more than 300 cm^, were drawn into an 
ordinary 500 cm^ flask. The flask was heated on the steam 
bath to just 85** C. — very carefuUy, since at higher temper- 
atures there is danger of precipitating molybdic acid — and 
immediately 40 cm^ of the filtered ammonium molybdate solu- 
tion were so added as to wash down the thermometer and the 
sides of the flask. The flask was corked, wrapped in a towel, 
and shaken for five minutes. The contents were filtered at 
once on an asbestos felt, and the precipitate washed three or 
four times, first with a 10 per cent solution of nitric acid, and 
then with a 1 per cent solution of potassium nitrate. 

If the nitric acid and potassium nitrate solutions wash the 
flask and cork each time, it will do no harm if some of the 
precipitate still adheres to the sides of the flask ; for the flask, 
cork and crucible are all finally washed with ammonia. The 
asbestos felt was transferred to a 100 cm^ flask or narrow based 
Erlenmeyer. The precipitation flask and cork were thoroughly 
washed with a mixture of 5 cm' of ammonia and ten cm' of 
water, and the washings were allowed to rinse the sides of the 
perforated crucible — standing on a small funnel — and so to 
run into the 100 cm' flask. Twenty-five cubic centimeters of 
strong hydrochloric acid were added and, where the phospho- 
rus does not exceed 0.0060 grm., 0.5 grm. of potassium iodide ; 
bat, where more than 0.0060 grm. of phosphorus is present, a 
little more potassium iodide is theoretically and practically 
needed. Experience has shown that the iodide present should 
not exceed the amount theoretically necessary by more than 
a half gram. 
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The liquid ivaa boiled down from a total volume of 40 em' 
to just 25 cmV a yolume easily maiked by two strips of paper | 

pa^ied on opposite sides of the flask. If the solution is boiled 
&xther, the molybdic acid is likely to be reduced beyond the 
degree of oxidation indicated by the eymbol Mo&O^. The 
reddue was neutralized with acid sodimn carbonate^ according 
to one or the other of the methods described below, and 
treated with an excess of standard iodine. 

For a trap to preyent loss during boiliiig, 
a two-bulbed drying tube was cut off an inch 
and a half below the largest bulb and this end 
fitted loosely into the neck of the flask, as 
shown in the accompanying figure. The 
addition of two or three little pieces of pumice 
stone, previously boiled in hydrochloric add, 

^ ^y^^ quiet boiling. 

Fio. 16. ^ While still acid the reduced solution is not 

appreciably reoxidized in the air, but when 
once made alkaline it is very easily changed. Therefore great 
care must be taken either to have the iodine present before 
the solution is made alkaline, or else to stir up the solution 
as little as possible while adding the alkalies and to draw in 
the iodine solution immediately. 

The safer method is to put the reduced solution, with one 
gram of tartaric acid,, to prevent the precipitation of the 
molybdenum, and an excess of the iodine solution, amountii^ 
to at least 8 cm^ into a liter flask. This flask was fitted with 
a paraffined rubber stopper, carrying a funnel with a stop-cock 
for admitting slowly the acid sodium carbonate to effect 
neutralization, and a Will and Yarrentrapp trs^, filled with 
a solution of potassium iodide, to catch the iodine thrown off 
during the effervescence. 

The more convenient way, and after a little practice a 
serviceable method for rapid work, is to put the solution and 
the tartaric acid in a bottle, to add enough sodium hydroxide 
to nearly neutralize the free acid, and then to make tiie 
solution distinctiy alkaline with an excess of acid sodium 
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carbonate, tipping tlie fladc to one side to prerent loss dnnng 
the efiEeiyescence. The iodine solution must be drawn in 
immediately or atmospheric oxidation will take place and the 
error of the process be great* 

After either method of neutralization the iodine color in the 
solution should perceptibly fade within fifteen minutes; but 
for complete oxidation the corked bottle should be set aside, 
out of sunlight, for an hour and a half, and then the excess of 
the iodine titrated with a standard solution of arsenious acid. 

Since there is a slight tendency on the part of the iodine, 
especially when the sodium hydroxide and the acid sodium 
carbonate are used for neutralization, to form a little iodate, 
it is wise to acidulate the solution in each case slightiy with 
dilute hydrochloric acid after the titration with the arsenic 
solution, and then to determine by sodium thiosulphate the 
trace of iodine which has taken the form of iodate. 

In the following table the absolute errors in terms of 
phosphorus are given ; and the percentage errors, between the 
phosphorus taken and the phosphorus found, referred to 10 
grains of material — the maximuTn amount of high grade iron 
or steel usually taken for analysis — are also added. 
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0.002727 
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0.001818 
0.003636 
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0.000368 
0.008180 
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0.002778 
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0.003262 
0.005417 
0.001861 
0.003716 
0.000988 
0.000289 
0.008179 


gm. 
0.000051+ 
0.000069- 
0.000005+ 
0.000246- 
0.000037- 
0.000048+ 
0.000080+ 
0.000079+ 
0.000074- 
0.000001- 


0.0005 + 
0.0007 - 
O.OOOO&f 
0.002 - 
0.0008- 
0.0004 + 
0.0008 + 
0.0007 + 
0.0007 - 
0.00001- 


NaHCO, 

NaOH + NaHCOa 

NaOH + NaHCO, 

NaOH + NaHCO, 

NaHCO, 

NaOH + NaHCO, 

NaHCO, 

NaHCO, 

NaOH + NaHCO, 

NaHCO, 



The error in (4) is obviously high, and, in view of the 
results obtained in the former paper to which reference has 
been made, undoubtedly accidental ; but the result is inserted 
m the series because no reason was apparent for excluding it 
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In all of th6 experiments, with one exception, from four to . 

five grams of pore iron oxide were introduced; in experiment \ 

(9) the amount was 2.5 gnn. 

In the first nine experiments, 0.5 grm. of potassium iodide 
was used ; in experiment (10) more was theoretically neoessaiy 
and 0.75 grm. was added. 

The foregoing table shows that satisfactory results in the 
determination of phosphorus in iron can be obtained by 
precipitating the ammonium phospho-molybdate according to 
the usual methods of iron analysis; then reducing the 
phospho-molybdate thus obtained with potassimn iodide and 
hydrochloric acid ; neutralizing the residue with acid sodium 
carbonate, and reoxidizing with standard iodine. 
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ON THE EEDUCTION OF VANADIC ACID BY HY- 
DBIODIC AND HYDKOBEOMIC ACIDS, AND THE 
VOLUMETRIC ESTIMATION OF THE SAME BY 
TITRATION IN ALKALINE SOLUTION WITH 
IODINE. 

By PHnJP B. BROWNING.* 

The redaction of vanadie acid from the condition of the 
pentoxide to that of the tetroxide by the action of hydiiodic 
and hydrobromic acids has been applied to the volumetric 
detennination of vanadium. Holverscheitf has shown that 
when a vanadate is treated with potassium bromide and strong 
hydrochloric acid, and the bromine liberated on boiling is 
passed into a solution of potassium iodide, the iodine set free 
and estimated shows the reduction to have gone to the 
condition of the tetroxide. This method is said to yield most 
satisfactory results. 

Friedheim in a recent paperf gives the method favorable 
comment, and shows also by a carefully made series of experi- 
ments that the pentoxide may be reduced to the tetroxide 
by boiling with potassium iodide and sulphuric acid, and, 
further, that the reduction may be carried even to the condition 
of the trioxide by substituting for the sulphuric acid strong 
hydrochloric acid. 

In both of the above mentioned methods the iodine liberated 
is conducted into a solution of potassium iodide and estimated 
in the usual manner. 

In a former paper§ I have shown that vanadie acid may be 
determined conveniently and rapidly by reducing it to the 

• From Am. Jour. Sd., ii, 186. t Dissertation, Berlin, 1890. 

t Ber. Dtsch. chem. Oes., zzriii, 2007. { Zeitschr. anorg. Chem., rii, 168. 
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tetroxide by the action of tartaric acid and estimating it in the 
residue by direct oxidation with standard iodine after having 
cooled the solution and having made it alkaline with a bicar- 
bonate. The possibility of applying this method of oxidation 
to the residue after the i^duotion with hydrobromic and 
hydriodic acids led to the series of experiments which it is the 
purpose of this paper to describe. The advantages of the 
treatment of the residue are obvious and tiie general method 
has been applied in a number of methods previously developed 
in this laboratoiy. In the first place the complicated i^paratus 
necessary for the distillation and collection of the bromine or 
iodine is unnecessary, an ordinary boiling flask or Erlermcieyer 
beaker being sufficient. In case the distillation process is 
preferred, the residue may be treated by the method to be 
described as a control and the results by both processes allowed 
to check one another. 

For the work to be described solutions of ammonium 
vanadate were made and standardized by evaporating measured 
and weighed portions in a platinum crucible to dryness, and 
igniting in the presence of a drop of nitric acid. 

The reduction with hydriodic acid was first tried; the method 
in general was as follows: Measured and weighed portions di 
the vanadate solution were placed in the Erlenmeyer breaker^ 
the amoimts of potajBsium iodide indicated in the tables added 
from a ten per cent solution and finally 10 cm* of a mixture of 
sulphuric acid and water in equal parts. The contents of the 
flask was then boUed until the fumes of iodine were no longer 
Tisible and the escaping steam gave no indication of free iodine 
with red litmus paper.* This point was reached when tibe 
volume of the Hquid reached about 85 cm^. If large amountB 
of potassium iodide were used the resulting color was green, 
owing to the presence of iodine, dissolved in hydriodic acid, 
with the blue tetroxide of vanadium ; if smaUer amounts of the 
iodide were used the resulting color was blue. The flasks 
were then removed from the flame and the contents nearly 
neutralized by the addition of a solution of potassium or sodium 

« Ck>ooh and Mar, Am. Jour. ScL, txttt, p. SOO. Thif Tolume, p. 10. 
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b3rdrozide,* oooled, and the nentialization oompileted vrHh 
potasmnm bicarbonate in excess; care beii^ taken to add a 
fe-w drops of a tartario acid eobitioD to pievent the precipita- 
tion of the tetrozide. To the cooled solution a solution of 
iodine in potasmum iodide was added in eli^t exoeas. Tbia 
point can be quite easily determined, as &e iodine is bleached 
rapitily if the solution is allowed to miT thoroughly as it is 
drawn from the burette into the flask. After the addition of 
a distinct ezoess of tlie iodine the flask should be closed with 
a cork coated wUh paraffin and allowed to stand about one-half 
hour. It wiU be noticed that at the end of about flfteen 
minutes liie iodine has ceased to bleach, Showing the oxidation 
to be complete. I hare generally allowed the flasks to stand 
a few minutes longer to be sure of a complete oxidation. The 
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excess of iodine is then destroyed by standard arsenious acid 
solution, agunst which the iodine has been proTiously stan- 

■ The polMiinm or lodiiuii hydroxide for thli work muit b« free from 
alcohol, u the ■olation U allowed to (tuid with iodine kfter aentrsllzatioii. 
It wu prepared hj miziiig potudnm or iDdium carbonate in proper propor> 
tioni with Cklciam oxide and flltering oS the olcivm carbonate. 
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daidized, starch added and the color brought back with a few 
drops of iodme. The amount of arsenious acid solution used 
for the bleaching of the iodine, in terms of iodine subtracted 
from the whole amount of iodine used, gives the amount of 
iodine necessary to oxidize the vanadium from the condition of 
tetroxide to that of pentoxide. The results are given in the 
preceding table. 

The results are on the whole satisfactory, the average error 
of all the determinations being less than 0.0002 — . It will be 
noticed that large amounts of potassium iodide tend to give 
plus errors. 

The action of the hydrobromio acid was tried in exactly the 
same manner. It was found that when the residual volume of 
the liquid in the flask reached 25 cm? the blue color appeared, 
and the absence of free bromine was proved by holding a paper 
moistened with potassium iodide in the steam. If the boiling 
is not carried to the point indicated, where the blue color 
appears, the results come low, showing incomplete reduction. 
The results f oUow in the table. 
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THE SEPARATION AND mENTIFICATION OF 

POTASSroM AND SODroM, 

Bt D. albert KRKTDKB andJ. £. BBECKBNBIDOE.* 

The application of the spectroscope to the detection of 
potassium and sodium, for which there has thus far been no 
altematiye, is not so unsatisfactory in the eyidenoe as to the 
presence or absence of these elements as it is in its utter 
failure, except under delicate quantitative comparisons, to give 
any idea as to the quantity of either element indicated ; and 
since the most minute quantity of either element is sufficient 
to produce its characteristic line in the spectroscope, together 
with the fact that so many of the reagents employed in analysis 
contain a trace of alkali, the indication of the spectroscope 
is rendered misleading. While to the careful observer the 
presence or absence of potassium is invariably revealed, all 
evidence as to the ubiquitous element sodium is practically 
worthless. It has, therefore, appeared advisable to us to 
undertake the following work looking toward a method for 
the direct determination of sodium based upon the principle 
of the perchlorate method for* the quantitative determination 
of potassium. The fact that, in the form of the perchlorate, 
potassium is insoluble while sodium is readily soluble in 97 
per cent alcohol, affords a means for the separation of the two 
elements as well as for the identification of the former. By 
converting the sodium in the filtrate from the precipitated 
potassium salt either to the chloride or sulphate, in which 
forms it is insoluble in alcohol, a means for the detection of 
sodium is also provided. 
^ Assured by the experiments previously published by one of 

V 

* From Am. Jour. Sci^ ii, 263. 
26 
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us,* that the detennination of potassium according to this 
method would be sufficiently accurate, our experimentation 
was directed towards determining the conditions of greatest 
utility and delicacy for the detection of sodium. In converting 
the sodium from the perchlorate to the chloride, attempts were 
first made to substitute some soluble chloride for the free acid, 
the addition of which to the alcoholic solution of sodium 
perchlorate, it was feared, might result in the formation of 
the dangerously explosive compound, perchloric ether. But 
aniline hydrochloride, prepared by saturating a solution of 
aniline in absolute alcohol with gaseous hydrochloric acid, 
when applied to the precipitation of 0.010 grm. of sodium 
perchlorate dissolved in 6 cm' of 97 per cent alcohol, proved 
so hopelessly inadequate that we resorted immediately to the 
use of free acid, which, fortimately, was foimd perfectly safe 
even in the presence of considerable perchloric acid and at the 
boiling point of the mixture. 

The strongest aqueous solution of hydrochloric acid, how- 
ever, is inapplicable, as was proved by several experiments in 
which as much as 0.010 grm. of sodium perchlorate, dissolved 
in only 6 cm' of 97 per cent alcohol, failed to be revealed by 
the addition of the strongest aqueous solution of the acid, 
added in quantities varying from a single drop to 10 cm' — 
not the slightest turbidity being produced. By substituting 
for the aqueous solution of the acid, a saturated solution of 
hydrochloric acid in 97 per cent alcohol, of which 6 cm' were 
used for the precipitation, quantities of from 0.002 to 0.003 
grm. of sodium perchlorate dissolved in 5 cm' of 97 per cent 
alcohol could be detected with certainty; but this could not 
be made sufficiently delicate. Concentrated sulphuric acid 
was also appUed as the precipitant and was foimd reliable for 
quantities of about 0.003 grm. of sodiiun perchlorate dissolved 
in 10 cm' of 97 per cent alcohol, when a single drop of the 
acid was added, but an excess of the acid caused the precipitate 
to redissolve. Gaseous hydrochloric acid proved most effectual. 
The dehydrating effect of the acid upon the alcohol greatly 

* Ereider, Am. Jour. Sci., toL xlix, 44S. This Yolome, p. 2S2. 
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increaBes the insolubility of sodium and aecures a remarkable 
delicacy, as is evident from the results recorded in Table I. 
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The sodium employed in these determinatioua was in the 
form of perchlorate, prepared by evaporating sodium chloride, 
free of potassium and ammonium, with perchloric acid until 
tests for hydrochloric acid proved a complete conversion to 
the perchlorate, when the excess of acid was volatilized by 
heating over a drying cone. Two grams of this purified salt 
were dissolved in 200 cm" of 97 per cent alcohol and served 
for our standard solution for those tests in which quantities 
greater than 0.001 grm. of sodium perchlorate were used. 
When it appeared evident that smaller quantities could be 
detected with certainty, a solution of the salt containing 
0.050 grm. per 100 cm^ of water was used, and each portion 
evaporated to dryness before adding the alcohol. In each case 
the alcohol subsequent to its addition was saturated with 
gaseous hydrochloric acid, being kept cool by immersion in a 
beaker of water. For the generation of hydrochloric acid, the 
well known form of apparatus consisting of a side-neck flask, 
contfdning sodium chloride covered with hydxocl 
fitted with a stoppered funnel, through which sulj 
could be admitted as desired, served admirably. 

It ia evident, then, that by the use of 10 cm' of i 
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In the experiments made with potassium and sodium asso- 
ciated with other acids and bases, the results of which are 
recorded in Table III, the following treatment was adopted. 
The several groups of bases were successively removed in the 
ordinary way: Hydrogen sulphide in ammoniacal solution 
removed the lead, mercury, copper and zinc. Barium and cal- 
cium were removed by ammonium carbonate, the final filtrate 
being evaporated and ignited to the complete volatilization of 
ammonia. The residue was dissolved and treated with barium 
hydrate for the removal of magnesium, and after filtering the 
barium was again removed by ammonium carbonate and the 

* Loc. cit 
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filtrate evaporated and ignited as before. This residue was 
then treated with 10 cm^ of boiling water and after stirring 
was filtered in order to remove the organic matter usually 
found at this stage of the treatment. To the filtrate was 
added 0.1 to 0.6 cm^ of pure perchloric acid, about 1.7 sp. gr., 
according to the amount of residue, and evaporated over the 
steam bath until the white fumes of perchloric acid appeared. 
When the quantity of sodium is large it is safer to evaporate 
several times in order to secure a complete conversion to the 
perchlorate, and in such case precautions must be taken to 
have sufficient of the acid present. Upon treating with 97 per 
cent alcohol the presence of potassium is revealed by an insolu- 
ble residue. This is removed by a dry filter and the filtrate 
saturated with gaseous hydrochloric acid, whereupon sodium, 
if originally present in amount greater than 0.0005 grm. of 
the oxide, will be precipitated in granular condition. 

The fact that minute traces of sodium and potassium are 
found in the blank tests is to be expected from the delicacy of 
the method as proved by Tables I and II, when it is remem- 
bered that but very few of the so-called chemically pure 
reagents are absolutely free of sodium and that even distilled 
water kept in glass vessels contains a trace of the alkaline ele- 
ments. However, the indication for sodium in the blank tests 
appeared only as a cloudiness and after complete saturation, 
while when the quantity of sodium oxide present is not less 
than 0.0005 the precipitate appears in granular form and before 
the alcohol is completely saturated, which leaves the method 
all that could be desired for qualitative determinations. 

Preparation of the Perchloric Acid, — The perchloric acid 
prepared according to the method previously published by one 
of us,* by converting sodium chlorate into the perchlorate by 
heat, destroying the residual chlorate by treating with the 
strongest hydrochloric acid, from which the sodium chloride 
was separated by filtering through a Gooch filter and the 
excess of hydrochloric acid removed by evaporation — while 
answering perfectly well for the detection of potassium, is inap- 

* Erieder, Am. Jour. Sd., yoI. xliz, 448. This Yolnme p. 282. 
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plicable to the test for sodium, because of the small amount of 
this element which the acid always contains due to the partial 
solubility of sodium chloride in hydrochloric acid. As distil- 
lation seems the only method for the removal of this residual 
sodium, our attention was given to a study of the best condi- 
tions for the distillation. Various experiments led to the 
adoption of the following treatment, which we found in every 
case perfectly safe and fairly rapid. To prevent loss by 
decomposition the distillation must be carried on under di- 
minished pressure, and imless the acid has been previously con- 
centrated by evaporating until the white fumes appear, if there 
is any considerable amount of the acid in the distilling flask, 
even with porcelain chips to check it, it bumps with such 
violence as to throw the liquid to all parts of the flask and 
possibly into the condenser. It appeared to be essential, there- 
fore, to start with only a small amount of the concentrated acid 
in an apparatus which would permit of the gradual addition 
of the acid without relieving the vacuum. Rubber stoppers 
or connectors are not advisably used where the acid may con- 
dense upon them and flow back into the flask. Invariably 
oxidizable matter is carried back, causing explosions which 
vary in force and seriousness according to circumstances. 

We, therefore, selected a strong distilling flask of about 
100 cm* capacity and sealed into the tubulation a stoppered 
fimnel which reached well into the bulb. The stop-cock of 
this funnel was carefully cleansed of vaseline and lubricated 
with metaphosphoric acid obtained by boiling sjrrupy ortho- 
phosphoric acid until the temperature of 860° C. had been 
attained.* The side neck of the flask was inclined upward 
for a short distance before being bent into the receiver, with 
which it was connected by a rubber stopper through which 
the tube extended for a safe distance. An ordinary bottle of 
250 cm* capacity served for a receiver and was closed by a 
doubly perforated stopper. Through one of the perforations 

♦ This lubricaDt wiU be found entirelj satisfactory and greatly preferable 
to raseline in many other operations where the greasy effect of the latter is 
objectionable. 
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the adapter from the condenser was entered; through the 
other, connection was made with a small glass bulb inserted 
between the receiver and the next tube, containing moistened 
sticks of caustic potash, in oider to prevent the potash from 
reaching the receiver in case of an accident to the pump. 
The object of the potash was to absorb any chlorine resulting 
from the inevitable sUght decomposition of the acid, and 
thus to protect the mercuiy of the pump. For the exhaus- 
tion an automatic pump was employed and generally twenty 
minutes would suffice to reduce the pressure to about 8 mm., 
when the distillation was begun. The pump gradually 
reduced the pressure, which was kept at about 3 to 5 nun. 
The bottom of the diRtilling flask was covered with a layer 
of fine porcelain chips to a depth of about 1 cm^ and the 
whole flask was surrounded by a cylinder of thin sheet iron 
closed below, while the upper opening was protected by an 
asbestos cover. By this means heat was uniformly applied to 
every part of the flask and up to the point at which, if the 
acid condensed, it would flow into the receiver. Three or 
4 cm^ of the acid were admitted to the flask, after which the 
temperature was rdsed to about 180° C. and the acid admitted 
at about the same rate that it dropped from the condenser, 
care being taken to prevent the liquid in the distilling flask 
from disappearing entirely. No danger was experienced in 
admitting the acid; the porcelain chips distribute the heat 
and prevent the colder acid from reaching the glass. 

Careful compliance with the above conditions will secure 
satisfactory results. As a rule we succeeded in distilling 
at the rate of 25 cm' to 40 cm' per hour, and when it is 
remembered that the product is the dihydrate of perchloric 
acid, the most concentrated form in which it is stable, and 
of which 0.1 grm. of potassium oxide requires only 0.16 cm', 
it will be seen that by this process the acid may be prepared 
without great difficulty. 



LIX 

ON THE ESTIMATION OF CADMIUM AS THE 

OXIDE. 

Bt PHILIP E. BROWNING and LOUIS C. JONES .♦ 

In an article entitled ^^ The Estimation of Cadmium *' f Max 
Muspratt discusses critically some of the methods in use for 
the determination of that element. Muspratt finds that the 
method which involves the precipitation as carbonate, ignition 
and weighing as oxide gives low results, and he accounts for 
these results by the well known tendency of cadmium to 
reduction, especially in the presence of organic matter. To 
avoid this reduction he dissolved the precipitated carbonate 
in nitric acid, evaporated to dryness on a water bath, and 
gently ignited the nitrate to the condition of the oxide. This 
treatment also gave low results, although the oxide obtained 
from the ignition of the nitrate was found to contain traces 
of sulphate from the solution of the cadmium sulphate used. 
A second method of treatment was to filter and dry the 
precipitated carbonate and remove as much of it as possible 
to a weighed porcelain crucible, ignite, and weigh by itself. 
This oxide was found to be free from traces of sulphate.^ 

The remainder of the cadmium oxide adhering to the paper 
was dissolved in pure nitric acid and the solution and rinsings 
evaporated to dryness and ignited in a weighed crucible and 
weighed. Here also low results were obtained which, after 
the extended process of manipulation, would scarcely seem 
surprising. If, however, Muspratt adds, the oxide obtained 

* From Am. Jour. Sci., ii, 260. 
t Jour. Sci. Chem. Ind., xiii, 211. 

t Muspratt's theory is that in the ignition of the carbonate the sulphate it 
dissociated, while the ignition of the nitrate does not effect this result. 
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from the ignition of the carbonate be taken as Cd^O the 
results are satisfactory, 

A third modification gives more satisfactory results. The 
method of treatment is the same as the last mentioned, except 
that the oxide obtained from the ignition of the carbonate is 
ignited in a stream of oxygen until no further increase in 
weight results. 

In a former paper from this laboratory ♦ one of us made 
use of the carbonate method for the determination of cadmium 
after having separated that metal from copper. The filtration 
was made on asbestos in a Gooch crucible and the results 
were most satisfactory. The object of the work to be de- 
scribed is to show that when the carbonate is filtered upon an 
asbestos felt previously ignited the dangers of reduction are 
obviated and the carbonate process is both simplified and 
placed among good analytical methods. The solution used 
for the work was one of cadmium sulphate, and the standard 
was determined by evaporating measured and weighed por- 
tions to dryness in the presence of a few drops of sulphuric 
acid, igniting at low redness, and weighing as the anhydrous 
sulphate. The average of several closely agreeing results 
was taken as the standard. Measured and weighed portions 
of this solution were diluted to about 800 cm' with hot water 
and a solution of potassium carbonate, 10 per cent, added 
drop by drop with constant stirring imtil no further pre- 
cipitate was obtained. The precipitate was then boiled for 
about fifteen minutes, when it became granular and settled 
quickly. It was then filtered upon asbestos, washed thor- 
oughly, dried, and ignited at red heat until a constant weight 
was obtained. In several instances the weighed oxide was 
treated with a drop of nitric acid, again ignited and weighed, 
but in no case was there a perceptible change in weight. In 
the following table the results are tabulated. 

As will be noticed, the results show a plus error which 
might naturally be due to a slight inclusion of the alkali 
carbonate. To test the truth of this hypothesis, a portion of 

* Browning, Am. Jour. Sci., zlyi, 280. This volume, p. 226. 
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the oxide which gave a plus eiTor of 0.0007 grm. was dissolved 
and tested for potassium by the perchloric acid method * and 
an amount of that element was found equal to 0.0006 grm. of 
the carbonate. Another portion of the oxide which showed 
no error ^vas similarly treated and only 0.0002 grm. of the 
carbonate was found. The results show, as we think, that 
the carbonate method can be successfully applied to the 
quantitative estimation of cadmium without recourse to tlie 
tedious process of manipulation recommended by Muspratt. 

• Erelder, Am. Jour. Scl., slbt, 443. Thia rolome, p. 282. 
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